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1. Introduction  
 
Resorcinol is considered one of the most fundamental and important chemicals in 
industry.1 Resorcinol derivatives are interesting biologically active compounds due to 
their antifungal and antibacterial activities.2.There are also found as a framework in 
many natural product and pharmaceuticals. Figure 1 shows some of them. In the 
presence of Cu(II) and oxygen they are able to cleave DNA, so they have ant leukemic 
properties. They are considered building block in the synthesis of cannabis derivatives.3 
 
Figure 1. Resorcinol moiety found in natural products and pharmaceuticals  
1.1. Synthesis of resorcinol derivatives 
There are many methods to synthesis resorcinol derivatives 
1.1.1. Fusion of benzene-1,3-disulphonic acid 
Sulphonation reaction of benzene (1) gave benzene-1,3-disulphonic (2) reaction then 
fusion sodium hydroxide followed by action of acid to give resorcinol (4), but the final 
product was contaminated by sodium sulphate. 
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1.1.2. By oxidation of m-diisopropylbenzene 
The oxidation of 1,3-diisopropylbenzene (5) under high pressure gave the 
dihydroperoxide (6) followed by acidification to give resorcinol (4). 
 
1.1.3. From 1,3-diamino benzene 
1,3-Diamino benzene (7) converted to diazonium salt (8) by action of sodium nitrite 
then under the action of water and heating it gave resorcinol (4). 
 
Resorcinol also prepared from 1,3-diamino benzene by action of aqueous solution of 
hydrochloric acid and under microwave radiation.4 
 
1.1.4. Demethylation of dimethoxybenzene drivatives 
5-Substituted-1,3-dimethoxybenzene (9) converted to 5-subsituted resorcinol 
derivatives (10) by reaction with hydroiodic acid.5 
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Also 5-allyl-1,3-dimethoxybenzene (11) reacted with aluminium iodide and gave 5-allyl 
resorcinol (12). 
 
1.1.5. From enone derivatives  
Through Michael cyclization reaction the reaction between benzalacetone (13) and 
diethylmalonate gave 5-phenyl-3-hydroxycyclohexe-2-ene-one (14) which gave ethyl 
ether derivatives (15) when reacted with diethylsulphate then followed by oxidation 
with Sulphur then deethylation to give 5-phenyl resorcinol (17).6  
 
1.1.6. From α, β-unsaturated ketone 
When the non-3-ene-2-one (18) reacted with dimethylmalonate it gave Michael adduct 
product (19) which readily converted to olivetol derivatives (20) when reacted with 
bromine.7  
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1.1.7. From dimethyl-1,3-acetonedicarboxylate  
Self-condensation of dimethyl-1,3-acetonedicarboxylate (21) gave the cyclized product 
(22) which underwent hydrolysis and decarboxylation to give 3,5-dihydroxy 
phenylacetic acid (23).8  
 
1.1.8. From acetylenic ester derivatives 
The reaction of dimethyl-1,3-acetonedicarboxylate (21) and alkyl alkynoate (24) using 
sodium hydride gave unsymmetrical resorcinols (25).9 
 
1.1.9. From pyrone derivatives 
When the lactone (26) heated with water it gave resorcinol derivatives (27).10 
 
1.1.10. From phloroglucinol  
By deoxygenation of phloroglucinol (28) when reacted with Rh metal on support of 
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alumina and aqueous solution of sodium hydroxide under 3 atm of hydrogen gas it gave 
resorcinol (4).11 
 
1.1.11. From 3-bromo phenol 
3-Bromophenol (29) reacted with Cu2O, tetrabutylammonium hydroxide as phase 
transfer catalyst and nucleophile beside using 4,7-dihydroxy-1,10- phenanthroline as 
ligand to give resorcinol (4).12 
 
1.1.12. By oxidation of 1,3-benzenediboronic acid 
1,3-benzenediboronic acid (30) oxidized with basic solution of hydrogen peroxide and 
gave resorcinol (4).13 
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1.2. Synthesis of Ethers  
1.2.1. Ulmann coupling reaction 
Ulmann coupling reaction involved cupper catalyzed nucleophilic substitution reaction 
of aryl halide (31) with alcohol to give alkyl aryl ether (32).  
 
1.2.2. Cupper iodide catalyzed cross coupling reaction of alcohol with aryl iodide  
This reaction is considered to be Williamson ether synthesis type while the reaction of 
4-iodoanisole (33) with n-hexylalcohol in the presence of catalytic amount of cupper 
iodide, 3,4,7,8-tetramethyl phenanthroline as a ligand and cesium carbonate as base 
gave 4-hexyloxy anisole (34).14 
1.2.3. Arylation using diaryliodinium salts 
The arylation of allylic alcohol, benzylic alcohol or phenols using diaryliodinium salt 
(35) in aqueous basic solution gave the ether derivatives (36).15 
 
The reaction of cinammyl alcohol (37) with diphenyliodonium triflate (38) in basic 
medium gave cinnamyl phenyl ether (39). 
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1.2.4. Palladium catalyzed coupling reaction of aryl halides with primary alcohol 
Palladium acetate catalyzed the cross coupling reaction of aryl chlorides or bromides 
derivatives (40) with aliphatic alcohol in the presence of bispyrazole phosphine ligand 
and cesium carbonate gave aryl ether derivatives (41).16 
 
1.2.5. Basic palladium catalyzed synthesis of alkyl aryl ethers  
The reaction of 3-bromo anisole (42) with potassium hydroxide, catalytic amount of 
palladium dibenzalacetone and benzofurane derivatives as ligand in a mixture of 
water/dioxane gave phenoxide ion (43) which reacted readily with methyl iodide and 
cetyltrimethylammonium bromide as phase transfer catalyst and gave 3-methoxy 
anisole (44).17 
 
1.2.6. Cupper catalyzed etherification reaction  
Huang and co-worker succeeded in the synthesis of alkyl aryl ether in ligand free 
process through cupper catalyzed etherification process by reaction of 4-bromo toluene 
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(45) with 1-pentanol, cupper iodide as catalyst and lithium tertiary butoxide as base to 
give 4-pentyloxy toluene (46).18 
 
1.2.7. Coupling reaction of aryl halides with alcohol under promotion of 
N,N-dimethylglycine 
The coupling reaction between 4-iodoanisole (47) and ethanol in the presence of cupper 
iodide as catalyst, cesium carbonate as base and N,N-dimethylglycine as a ligand gave 
4-ethoxy anisole (48).19 
 
1.2.8. Arylation of phenols with arylboronic acid 
The arylation of phenols (49) with arylboronic acid (50) derivatives in the presence of 
cupper acetate and triethylamine gave the diaryl ether derivatives (51).20  
 
The coupling between phenol derivatives (52) and phenylboronic acid (53) derivatives 
gave thyroxine derivatives (54). 
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2. Conversion of cyclohexanones to alkyl aryl ethers using a 
Pd/C–ethylene system 
The phenol synthesis development is considered important attitude in both industrial 
and academic. Horning and co-worker was the first report of palladium catalyzed 
dehydrogenation to afford phenol starting from 3-methyl-5-(p-methoxyphenyl) 
-2-cyclohexene-1-one with Pd/C to afford 3-methyl-5-(p-methoxyphenyl)phenol (Eq. 
1).1 
 
The above reaction required high temperature and so limited for some substrates so 
kosower and co-workers succeeded in transformation of cyclohex-2-en-1-one to phenol 
using CuCl2 and LiCl (Eq. 2).
2  
 
In 2000 our group reported the action of catalytic amount of palladium diacetate under 
ethylene (1 atm) of ethylene atmosphere to transform either cyclohexenol or 
cyclohexenone to phenol 3 (Eqs. 3 and 4) where ethylene acts as hydrogen acceptor. 
 
Stahl and coworkers reported the pd-catalyzed aerobic dehydrogenation reaction of 
cyclohexanone to phenol using Pd(TFA)2/2-dimethylaminopyridine (Eq. 5).
4 
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Lemaire and coworker reported the non-aerobic Pd/C dehydrogenation alkylation of 
cyclohexanones to give alkyl aryl ethers5 as in (Eq. 6) and this motivated us to examine 
the Pd/C catalyzed synthesis of alkyl aryl ethers under ethylene gas followed by 
dealkylation to give the phenols, also direct conversion of cyclohexanones to phenols as 
in (Eq. 7) 
 
 
2.1. Reaction of cyclohexanones with 1-hexanol in the presence of Pd/C under 
ethylene gas 
Firstly we checked the reaction of cyclohexanone with 1-hexanol in the presence of 
catalytic amount of 5% Pd/C (5 mol%), in xylene at 130 °C for 48 h proved to be the 
best choice, affording hexyl phenyl ether in 90% yield. The results of the reaction of 
substituted cyclohexanones with alcohols are summarized in Table 1. 
Table1. Reaction of cyclohexanones with 1-hexanol in the presence of Pd/C under 
ethylene atmosphere  
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The reaction of cyclohexanones (1a–1d) with 1-hexanol in the presence of catalytic 
amount of 5% Pd/C (5 mol%), at 130 °C for 48 h under ethylene atmosphere (1 atm) 
proceeded smoothly affording the corresponding ether (2a–2d) in a good yield to high 
yield. To realize the action of ethylene gas in this reaction we achieved the same 
reaction under argon atmosphere we found that we obtained the product but in low yield 
as shown in Entry 1 in Table1, so from this results we could say that ethylene gas act as 
hydrogen acceptor and increased the reaction rate.  
 
2.2. Reaction of cyclohexanones with cyclohexanol in the presence of Pd/C under 
ethylene gas 
We examined also the reaction of cyclohexanones (1a–1d) with cyclohexanol in the 
presence of catalytic amount of 5% Pd/C (5 mol%), at 130 °C for 48 h under ethylene 
atmosphere (1 atm) proceeded smoothly affording the corresponding ether (2e–2h) in a 
 14 
 
good yield to high yield except in Entry 4 as shown in Table 2. Also to confirm the 
function of ethylene gas in the reaction we examined the same reaction under argon 
atmosphere we found that we obtained the product but in low yield as shown in Entry 1 
in Table2. 
Table 2. Reaction of cyclohexanones with cyclohexanol in the presence of Pd/C under 
ethylene atmosphere 
 
2.3. Reaction of cyclohexanones with methanol in the presence of Pd/C under 
ethylene gas 
We checked the with another type of alcohol where we started the reaction of 
cyclohexanones (1a–1d) with methanol in the presence of catalytic amount of 5% Pd/C 
(5 mol%), at 130 °C for 48 h under ethylene atmosphere (1 atm) to give the 
corresponding methyl aryl ether (2i–2l) in a high yield as in Table 3. 
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Table 3. Reaction of cyclohexanones with methanol in the presence of Pd/C under 
ethylene atmosphere 
 
2.4. Reaction of cyclohexanones with different alcohol in the presence of Pd/C 
under ethylene gas 
We tested the reaction of cyclohexanone (1a) with other alcohol such as 2-propanol, 
1-butanol and benzyl alcohol under the same Pd/C ethylene system to give the alkyl 
phenyl ether 2m, 2n and 2o in a good yield as shown in Table 4.  
 
Table 4. Reaction of cyclohexanones with different alcohol in the presence of Pd/C 
under ethylene atmosphere 
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2.5. Reaction of cyclohexenones with 1-hexanol in the presence of Pd/C under 
ethylene gas 
Next we checked the conversion of cyclohexenones instead of cyclohexanones to alkyl 
aryl ethers. We checked the reaction of 2-cyclohexenones (3a–3c) with 1-hexanol in the 
presence of catalytic amount of 5% Pd/C (5 mol%), at 130 °C for 48 h under ethylene 
atmosphere (1 atm) to give the corresponding hexyl aryl ether (2a,2c,2d) in small yield 
but we obtained the phenols (4a–4c) as side product in small yield as shown Table 5 
 
Table 5. Reaction of cyclohexenones with 1-hexanol under Pd/C ethylene system 
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2.6. Reaction of cyclohexenones with cyclohexanol in the presence of Pd/C under 
ethylene gas 
Also we examined the reaction of 2-cyclohexenones (3a–3c) with cyclohexanol in the 
same condition using Pd/C ethylene system to give mixture of the corresponding 
cyclohexyl aryl ether (2e, 2g , 2h) and phenols (4a–4c) in small yield as shown Table 6. 
Table 6. Reaction of cyclohexenones with 1-hexanol in the presence of Pd/C under 
ethylene atmosphere 
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2.7. Conversion from cyclohexanones to phenols 
The first indirect route by converting cyclohexanone to alkyl aryl ethers which undergo 
dealkylation reaction to give phenol, such as converting hexyl phenyl ether (2a) to 
phenol (4a) by action of borontribromide in dichloromethane as shown in (Eq. 8) and 
this is considered more powerful method to synthesis phenol. 
 
The other route, by direct conversion cyclohexenones to phenol and we already 
examined this pathway. When we checked the reaction of cyclohexenone with Pd/C 
without using ethylene we obtained the phenol and cyclohexanone in quite similar 
amount as shown in (Eq. 9), the formation of cyclohexanone was attributed to the 
function of cyclohexanone which act as hydrogen acceptor. When we achieved this 
reaction at (1 atm) of ethylene gas we obtained the phenol in higher amount compared 
to the obtained cyclohexanone as shown in Eq. 10, on other hand when we used high 
pressure of ethylene gas at (3 atm) we obtained the phenol in a good yield about 90% 
and we did not obtain cyclohexanone as the above attempt Eq. 11. Also we checked 
other derivatives 3-methyl-2-cyclohexenone and 3,5-dimethyl-2-cyclohexenone and we 
obtained only the corresponding phenol as shown in Eqs. 12 and 13. 
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2.8. Reaction of mechanism of conversion cyclohexanones to alkyl aryl ethers 
To clarify the mechanism of cyclohexanone transformation into hexyl phenyl ether, we 
prepared cyclohexanone dihexylacetal and hexyl cyclohexenyl ether to be used as 
substrates. As shown in Eqs. 14, 15 and 16, treatment of cyclohexanone dihexylacetal 
and cyclohexenyl hexyl ether with 5% Pd/C (5 mol%) under ethylene atmosphere 
afforded hexyl phenyl ether in 92%, 60% (in xylene), and 84% yield, respectively. Thus, 
it would be reasonable to think that the reaction proceeds via one or both of these 
intermediates. 
 20 
 
 
From the above result we could propose the mechanism of the conversion, firstly 
nucleophilic substitution reaction occurred to cyclohexanone with alcohol with aid of 
Pd/C to give diketal intermediate with further alcohol to give the 
1-alkoxy-1,3-cyclohexadiene intermediate which undergo dehydrogenation reaction 
with ethylene gas which act as hydrogen acceptor to give alkyl aryl ether and ethane gas 
as coproduct.  
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2.9. Experimental part 
General 
All reactions were carried out in well-cleaned and oven-dried glassware under magnetic 
stirring. All starting materials were obtained from commercial sources or were 
synthesized using standard procedures.  Melting points were measured on a Yanaco 
MP-500D instrument and were not corrected. 1H and 13C NMR spectra (400 and 100 
MHz, respectively) were recorded on a Bruker Avance III HD 400 spectrometer; TMS 
(0 ppm) and CDCl3 (77.0 ppm) were used as internal standards, respectively. The 
following abbreviations are used to describe NMR peak multiplicity: s = singlet, d = 
doublet, t = triplet, q = quartet, and m = multiplet. GC mass spectra were measured on a 
Thermo Auest LCQ DECA Plus instrument with GL Sciences Inc. Inert Cap5 as a 
column (70–310 °C).  GC analyses were performed using a Shimadzu GC-2025 gas 
chromatograph equipped with GL Science Inert Cap5 (70–310 °C).  Preparative 
column chromatography was performed with Fuji Silysia BW-4:10MH silica gel or 
YMC_GEL Silica (6 nm I-40-63 m). Thin layer chromatography (TLC) was carried out 
on Merck 25 TLC silica gel 60 F254 aluminum sheets.  
Typical Procedure for the Reaction of Cyclohexanone with Hexanol.  
A portion of 5% Pd/C (Strem Chemicals Escat 1431, 5 mol% with respect to 
cyclohexanone) was placed in a two-necked flask connected with a reflux condenser 
and a balloon. Hexanol (1.878 mL, 15 mmol) and cyclohexanone (310 L, 3 mmol) 
were added under ethylene atmosphere. After stirring at 130 °C for 48 h, the mixture 
was filtered through Celite and the filtrate was condensed. The residue was column 
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chromatographed on silica gel to afford hexyl phenyl ether (480 mg, 90%) as a colorless 
liquid. 
Hexyl phenyl ether (2a). 1H NMR (400 MHz, CDCl3):  = 0.92 (t, J = 7 Hz, 3H), 
1.31__1.38 (m, 4H), 1.43__1.50 (m, 2H), 1.74__1.82 (m, 2H), 3.95 (t, J = 6.6 Hz, 2H), 
6.88__6.96 (m, 3H), 7.26__7.30 (m, 2H); 13C NMR (100 MHz, CDCl3): = 12.9, 21.6, 
24.7, 28.2, 30.6, 66.7, 113.4, 119.3, 128.3, 158.1; MS m/z:178.2 (6.0), 94.0 (100), 77.0 
(9.6). 
Hexyl 2-methylphenyl ether (2b). 1H NMR (400 MHz, CDCl3):  = 0.90 (t, J = 6.2 Hz, 
3H), 1.25__1.35 (m, 4H), 1.41__1.51 (m, 2H), 1.73__1.80 (m, 2H), 2.21 (s, 3H), 3.91 (t, J 
= 6.6 Hz, 2H), 6.75__6.83 (m, 2H), 7.08__7.13 (m, 2H); 13C NMR (100 MHz, CDCl3):  
= 12.9, 15.2, 21.6, 24.8, 28.4, 30.6, 66.7, 109.8, 118.9, 125.6, 129.5, 156.2; MS 
m/z:192.3 (7.0), 108.1 (100). 
Hexyl 3-methylphenyl ether (2c). 1H NMR (400 MHz, CDCl3):  = 0.81 (t, J = 7.2 Hz, 
3H), 1.20__1.26 (m, 4H), 1.23__1.40 (m, 2H), 1.62__1.70 (m, 2H), 2.21 (s, 3H), 3.81 (t, J 
= 6.8 Hz, 2H), 6.56__6.65 (m, 3H), 7.01__7.06 (m, 1H); 13C NMR (100 MHz, CDCl3):  
= 13, 20.4, 21.6, 24.7, 28.3, 30.6, 66.7, 110.2, 114.3, 120.2, 128.1, 138.2, 158.1; MS 
m/z:192.3 (7.0), 108.1 (100). 
3,5-Dimethylphenyl hexyl ether (2d). 1H NMR (400 MHz, CDCl3):  = 0.89 (t, J = 7 Hz, 
3H), 1.28__1.36 (m, 4H), 1.39__1.47 (m, 2H), 1.68__1.76 (m, 2H), 2.25 (s, 6H), 3.86 (t, J 
= 6.6 Hz, 2H), 6.53 (s, 2H), 6.58 (s, 1H); 13C NMR (100 MHz, CDCl3):  = 13, 20.3, 
21.6, 24.7, 28.4, 30.6, 66.6, 111.2, 121.1, 137.9, 158.2; MS m/z:206.1 (59), 122 (100). 
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Cyclohexyl phenyl ether (2e). 1H NMR (400 MHz, CDCl3):  = 1.18__1.33 (m, 3H), 
1.38__1.52 (m, 3H), 1.68__1.76 (m, 2H), 1.87__1.95 (m, 2H), 4.11__4.19 (m, 1H), 
6.80__6.85 (m, 3H), 7.14__7.20 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 22.7, 24.6, 
30.8, 74.2, 115, 119.4, 128.3, 156.7; MS m/z:176.3 (5.0), 94.1 (100), 77.1 (9.6).  
Cyclohexyl 2-methylphenyl ether (2f). 1H NMR (400 MHz, CDCl3):  = 1.25__1.34 (m, 
3H), 1.45__1.55 (m, 3H), 1.67__1.75 (m, 2H), 1.83__1.91 (m, 2H), 2.15 (s, 3H), 
4.13__4.20 (m, 1H), 6.72__6.85 (m, 2H), 7.02__7.19 (m, 2H); 13C NMR (100 MHz, 
CDCl3):  = 15.3, 22.5, 24.7, 30.8, 74.2, 112.1, 119.1, 125.5, 127.9, 129.7, 154.9; MS 
m/z:190.3 (5.0), 108.2 (100). 
Cyclohexyl 3-methylphenyl ether (2g). 1H NMR (400 MHz, CDCl3):  = 1.20__1.33 (m, 
3H), 1.38__1.52 (m, 3H), 1.67__1.76 (m, 2H), 1.86__1.95 (m, 2H), 2.23 (s, 3H), 
4.10__4.18 (m, 1H), 6.60__6.74 (m, 3H), 7.03__7.08 (m, 1H); 13C NMR (100 MHz, 
CDCl3):  = 20.4, 22.7, 24.6, 30.8, 74.1, 111.7, 116.9, 120.2, 128.1, 138.3, 156.7; MS 
m/z:190.2 (5.0), 108.1 (100).  
Cyclohexyl 3,5-dimethylphenyl ether (2h). 1H NMR (400 MHz, CDCl3):  = 1.33__1.41 
(m, 3H), 1.45__1.60 (m, 3H), 1.77__1.83 (m, 2H), 1.94__2.01 (m, 2H), 2.27 (s, 6H), 
4.17__4.25 (m, 1H), 6.50 (s, 2H), 6.54 (s, 1H); 13C NMR (100 MHz, CDCl3):  = 20.4, 
22.8, 24.6, 30.9, 74.1, 112.7, 121.2, 138.1, 156.7; MS m/z :204.2 (50), 122 (100). 
Methyl phenyl ether (2i). Yellow liquid; 1H NMR (400 MHz, CDCl3):  = 3.75 (s, 3H), 
6.85__6.94 (m, 3H), 7.23__7.28 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 55.4, 113.9, 
120.7, 129.5, 159.6. 
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Methyl 2-methylphenyl ether (2j). Colorless oil; 1H NMR (400 MHz, CDCl3):  = 2.21 
(s, 3H), 3.80 (s, 3H), 6.76__6.87 (m, 2H), 7.10__7.19 (m, 2H); 13C NMR (100 MHz, 
CDCl3):  = 16.2, 55.2, 109.9, 120.3, 126.6, 126.8, 130.6, 157.7. 
Methyl 3-methylphenyl ether (2k). Colorless oil; 1H NMR (400 MHz, CDCl3):  = 2.29 
(s, 3H), 3.72 (s, 3H), 6.66__6.75 (m, 3H), 7.12 (t, J = 7.8 Hz, 1H); 13C NMR (100 MHz, 
CDCl3):  = 12.9, 21.6, 24.7, 28.2, 30.6, 66.7, 113.4, 119.3, 128.3, 158.1. 
Methyl 3,5-dimethylphenyl ether (2l). Colorless liquid; 1H NMR (400 MHz, CDCl3):  
= 2.28 (s, 6H), 3.75 (s, 3H), 6.52 (s, 2H), 6.59 (s, 1H); 13C NMR (100 MHz, CDCl3):  
= 21.4, 55.1, 111.7, 122.4, 139.2, 159.6. 
Butyl phenyl ether (2m). Colorless oil; 1H NMR (400 MHz, CDCl3):  = 0.97 (t, J = 7.4 
Hz, 3H), 1.42__1.54 (m, 2H), 1.72__1.79 (m, 2H), 3.94 (t, J = 6.8 Hz, 2H), 6.87__6.93 (m, 
3H), 7.23__7.29 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 13.9, 19.3, 31.4, 67.8, 114.5, 
120.4, 129.4, 159.2. 
Isopropyl phenyl ether (2n). Colourless liquid; 1H NMR (400 MHz, CDCl3):  = 1.32 (d, 
J = 6 Hz, 6H), 4.49__4.57 (m, 1H), 6.86__6.92 (m, 3H), 7.22__7.28 (m, 2H); 13C NMR 
(100 MHz, CDCl3):  = 22.1, 69.7, 115.9, 120.5, 129.4, 157.9. 
Benzyl phenyl ether (2o). White solid; 1H NMR (400 MHz, CDCl3):  = 5.04 (s, 2H), 
6.92__6.99 (m, 3H), 7.25__7.44 (m, 7H); 13C NMR (100 MHz, CDCl3):  = 69.9, 114.9, 
120.9, 127.5, 127.9, 128.6, 129.5, 137.1, 158.8 
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Phenol (4a). 1H NMR (400 MHz, CDCl3):  = 6.04 (s, 1H), 6.82 (d, J = 7.6 Hz, 2H), 
6.90 (t, J = 7.5 Hz, 1H), 7.17__7.23 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 115.5, 
121.1, 129.8, 155.2. 
3-Methylphenol (4b). 1H NMR (400 MHz, CDCl3):  = 2.26 (s, 3H), 5.43 (s, 1H), 
6.61__6.65 (m, 2H), 6.74 (d, J = 7.2 Hz, 1H), 7.10 (t, J = 7.8 Hz, 1H); 13C NMR (100 
MHz, CDCl3):  = 21.3, 112.3, 116.1, 121.7, 129.8, 139.9, 155.3. 
3,5-Dimethylphenol (4c). 1H NMR (400 MHz, CDCl3):  = 2.23 (s, 6H), 5.29 (s, 1H), 
6.46 (s, 2H), 6.58 (s, 1H); 13C NMR (100 MHz, CDCl3):  = 21.3, 113.2, 122.6, 139.6, 
155.3. 
Cyclohexanone 1,1-dihexyl acetal. 1H NMR (400 MHz, CDCl3):  = 0.89 (t, J = 7 Hz, 
6H), 1.24__1.65 (m, 16H), 3.36 (t, J = 6.8 Hz, 4H); 13C NMR (100 MHz, CDCl3):  = 
14.1, 22.7, 23.1, 25.8, 26.2, 30.2, 31.8, 33.8, 59.4, 99.8; MS m/z: 284.4 (0.5), 183.3 (34), 
99.2 (100). 
Cyclohexyl hexyl ether. 1H NMR (400 MHz, CDCl3):  = 0.87__0.93 (m, 3H), 
1.20__1.37 (m, 10H), 1.51__1.61 (m, 4H), 1.72__1.73 (m, 2H), 1.90__1.94 (m, 2H), 
3.17__3.22 (m, 1H), 3.41__3.43 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 13.1, 21.6, 
23.6, 24.8, 29.2, 30.7, 31.4, 66.9, 69.9; MS m/z: 184.4 (5.0), 141.1 (16), 83.2 (100). 
1-Cyclohexenyl hexyl ether. 1H NMR (400 MHz, CDCl3):  = 0.87__0.91 (m, 3H), 
1.28__2.07 (m, 16H), 3.59__3.65 (m, 2H), 4.58__4.60 (m, 1H); MS m/z: 182.2 (5.0), 
141.1 (17), 98.1 (100). 
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Typical Procedure for the Conversion from Cyclohex-2-en-1-one to Phenol.  
To a mixture of 5% Pd/C (Strem Chemicals Escat 1431, 5 mol% with respect to 
cyclohexenones) and cyclohex-2-en-1-one (1.1 mL, 10.4 mmol) in acetonitrile (10 mL) 
were capped in autoclave under ethylene atmosphere (3 atm) at 80 °C for 24 h, the 
mixture was filtered through Celite and the filtrate was condensed. The residue was 
column chromatographed on silica gel to afford phenol (880 mg, 90%) as a colorless 
liquid. 
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3. Dehydrogenative formation of resorcinol derivatives using 
Pd/C__ethylene catalytic system 
Resorcinol is one of the more fundamental and important industrial chemicals.1 The 
synthesis of substituted phenols typically relies on the introduction of chemical 
functional groups on to the aromatic ring with patterns of nucleophilic and electrophilic 
aromatic substitution, and metal-catalyzed cross-coupling reactions.2 However, the 
nucleophilic reactions of aromatic substitution are largely hampered due to the 
electron-donating properties of the hydroxyl group. As such, the strong electronic 
directing effect of the hydroxyl group result in the limited availability of electrophilic 
reactions of aromatic substitution for the preparation of ortho- and para-substituted 
derivatives.3 Although metal-catalyzed cross-coupling reactions are useful approaches 
for phenols, these methods generally require an expensive metal catalyst or some 
problems related to the yield.  
As we discussed before the non-aerobic oxidation of cyclohexanones to phenols and 
alkyl aryl ethers under Pd/C ethylene system we will utilize this method in the oxidative 
alkylation to dialkyl aryl ethers followed by dealkylation to the corresponding 
resorcinol derivatives as shown in (Eq. 1) or oxidation of 1,3-cyclohexanediones to 
resorcinols (Eq. 2). 
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3.1. Oxidative alkylation of 5-methyl-1,3-cyclohexanedione with different 
alcoholunder Pd/C ethylene system 
Firstly we checked the reaction of 5-methyl-1,3-cyclohexanedione (1a) with different 
alcohol in the presence of 5%Pd/C (15 mol%) under ethylene atmosphere we obtained 
the corresponding 3,5-dialkoxytoluene (2a__2f) as summarized in Table 1. It is 
obviously that when we used high pressure of ethylene gas at (3 atm) we obtained high 
yield of the corresponding dialkoxytoluene compared to the low pressure of ethylene 
gas at (1 atm). In Entry 1 when we started the reaction using methanol we obtained 25% 
of 3,5-dimethoxytoluene at (1 atm) but to obtain 86% yield this required (3 atm) of 
ethylene gas. 
Table 1. Reaction of 5-methyl-1,3-dimethylcyclohenanedione with alcohol in the 
presence of 5% Pd/C (15 mol%) under an ethylene atmosphere. 
 
All ethers obtained were easily converted to the corresponding 5-methyl resorcinol 
using BBr3. Therefore, we successfully established the practical synthesis of 
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5-substituted resorcinol from 1,3-cyclohexadiones. 
3.2. Synthesis of 5-substituted 1,3-cyclohexanedione derivatives 
Firstly we started to synthesis benzylidene acetone derivatives as precursor to prepare 
monosubstituted 1,3-cyclohexanedione starting from the reaction of aldehyde 
derivatives with acetone in aqueous solution of sodium hydroxide to afford 
4-substituted but-3-en-2-one derivatives 3a, 3b in a high yield as shown in (Eq. 3). 
 
Then the benzylidene acetone derivatives underwent condensation cyclization reaction 
with diethylmalonate in the presence of ethanolic solution of freshly prepared sodium 
ethoxide to afford 5-substituted 1,3-cyclohexanediones (1b__1e). 
Table 2. Preparation of 5-substituted-1,3-cyclohexanedione derivatives 
 
3.3. Oxidative methylation of 5-subsituted-1,3-cyclohexanedione with methanol 
under Pd/C ethylene system 
We need to expand our idea with another substrate rather than 
5-methyl-1,3-cyclohexanedione, so we start the new attempt by reaction of 
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5-phenyl-1,3-cyclohexanedione (1b) with methanol under the same conditions as we 
mentioned before but we obtained mixture of the desired compound 
3,5-dimethoxybiphenyl in small yield 20% and 3,5-dihydroxybiphenyl in 10% yield 
beside 3-hydroxy-5-methoxybiphenyl as the major product (Eq. 4). 
 
We tried many attempt to increase the yield, we solved this problem by using external 
additive specially trimethyl orthoformate which considered to be methylating agent and 
dehydrating agent in the same time. we started the reaction of various 
5-substituted-1,3-cyclohexanedione (1a__1e) with methanol and trimethyl orthoformate 
in the presence of 5% Pd/C under (3 atm) ethylene atmosphere and it proceeded 
smoothly affording the corresponding dimethyl ether derivatives (2a, 2g__2j) in a high 
yields as shown in Table 3. 
Table 3. Oxidation of 5-substituted-1,3-cyclohexanedione derivatives 
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3.4. Synthesis of multisubstituted-1,3-cyclohexanediones  
We synthesized the starting materials by refluxing benzylidene acetone with ethyl 
phenylacetate derivatives in ethanolic solution of freshly prepared sodium ethoxide to 
give 4,5-diaryl-1,3-cyclohexanediones (1f, 1g) in moderate yield as in (Eq. 5).4 
Also we used another synthetic route for various multisubstituted 1,3-cyclohexanedione 
by reaction -unsaturated esters with ketones in the presence of potassium tert 
butoxide to give the compounds (1h–1r) as summarized in Table 4.5 
Table 4. Synthesis of multi-substituted-1,3-cyclohexanedione derivatives. 
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3.5. Oxidative methylation of multisubstituted-1,3-cyclohexanedione derivatives 
under Pd/C ethylene system  
When we examined the reaction of multisubstituted 1,3-cyclohexanedione (1h–1r) with 
mixture of methanol and trimethyl orthoformate in the presence of 5%Pd/C under (3 
atm.) of ethylene gas we obtained the corresponding dimethyl ethers (2k__2w) in a good 
yield as shown in Table 5.   
Table 5. Oxidation of multisubstituted 1,3-cyclohexanediones to the dimethoxy ethers 
of resorcinols. 
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3.6. Direct oxidation of multisubstituted-1,3-cyclohexanediones to resorcinol 
derivatives under Pd/C ethylene system  
We tried many times to convert multisubstituted 1.3-cyclohexanedione derivatives 
directly to resorcinol derivatives under various condition, we found the most proper 
conversion through reaction of multisubstituted 1.3-cyclohexanedione (1h–1r) with 5% 
Pd/C and catalytic amount of potassium carbonate in acetonitrile under (3 atm) of 
ethylene gas to afford resorcinol derivatives (4a–4m) in a good yield as shown in Table 
5. We noticed when we carried out the reaction without adding potassium carbonate, the 
yield decreased dramatically so we expected the function of potassium carbonate to 
assist the enolization of 1,3-cyclohexanedione. 
Table 6. Direct oxidation of multisubstituted 1,3-cyclohexanediones to resorcinols. 
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3.7. Proposed mechanism for oxidation of 1,3-cyclohexanediones to dialkyl aryl 
ether derivatives 
With respect to the reaction mechanism, we would like to propose the mechanism 
shown in Scheme 1. The formation of the dialkyl ethers of resorcinol obtained via the 
reaction of 5-methyl-1,3-cyclohexandione with alcohol through a nucleophilic addition 
reaction to give the hemiacetal A, followed by a dehydration step to give the ketoenol B 
followed by acetalization and dehydration to give the dialkoxy-1,3-cyclohexadiene 
derivative C, which oxidized with Pd/C affording the dialkyl ether resorcinol as well as 
the Pd(H2)/C species. The catalyst then undergoes a hydrogen transfer to ethylene to 
regenerate the free Pd/C species and ethane. 
 
3.8. Experimental part 
3.8.1. Typical procedure for the reaction of 5-methyl-1,3-cyclohexanedione with 
methanol in the presence of Pd/C under ethylene atmosphere.  
To a mixture of 5-methyl-1,3-cyclohexanedione (0.5 g, 3.96 mmol) and 5% Pd/C (15 
mol%), methanol (19.2 mL, 475.62 mmol) was added. The reaction mixture was capped 
in autoclave under 3 atm pressure of ethylene gas. The reaction mixture was heated to 
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130 °C for 18 h. The reaction mixture was cooled to ambient temperature then filtered 
through celite, the solvent was removed in vacuo and the obtained residue was purified 
by silica-gel column chromatography (hexane:ethyl acetate (10:1)). 
 
3,5-Dimethoxytoluene (2a)6 
(0.52 g, 86%). Colourless oil; 1H NMR (400 MHz, CDCl3, δ ppm) 
6.34 (s, 2H), 6.28 (s, 1H), 3.79 (s, 6H), 2.30 (s, 3H); 13C NMR (100 
MHz, CDCl3, δ ppm) 160.7, 140.1, 107.1, 97.5, 55.1, 21.8; IR (cm-1) 
91737, 1595, 1461, 1426, 1372, 1345, 1320, 1295, 1236, 1204, 1148, 1097, 1044, 962, 
936, 920, 828, 685, 633, 607; Anal. Calcd. for C9H12O2: C, 71.03; H, 7.95. Found: C, 
71.08; H, 7.99. 
3,5-Diethoxytoluene (2b)7 
(0.57 g, 80%). Colorless oil; 1H NMR (400 MHz, CDCl3) δ 6.31 (d, J 
= 2.0 Hz, 2H), 6.27 (t, J = 2.0 Hz, 1H), 3.95__4.00 (m, 4H), 2.27 (s, 
3H), 1.38 (t, J = 7.0 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 14.8, 
21.8, 63.2, 98.4, 107.6, 140.0, 160.0; IR (cm-1): 1592, 1467, 1390, 1368, 1342, 1318, 
1292, 1240, 1153, 1114, 1090, 1059, 996, 981, 817, 733, 684, 586; Anal. Calcd. for 
C11H16O2: C, 73.30; H, 8.95. Found: C, 73.29; H, 9.09. 
3,5-Dipropyloxy toluene (2c) 
(0.7 g, 85%). Colorless oil; 1H NMR (400 MHz, CDCl3) δ 6.32 (d, J 
= 1.6 Hz, 2H), 6.28 (t, J = 2.2 Hz, 1H), 3.90 (t, J = 6.4 Hz, 4H), 2.28 
(s, 3H), 1.77__1.82 (m, 4H), 1.03 (t, J = 7.6 Hz, 6H). 13C NMR (100 
MHz, CDCl3) δ 160.3, 140.0, 107.6, 98.5, 69.4, 22.7, 21.8, 10.6; IR (cm-1) 1738, 1372, 
1234, 1158, 1096, 1044, 846, 805, 633, 607; Anal. Calcd. for C13H20O2: C, 74.96; H, 
9.680. Found: C, 74.80; H, 9.92. 
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3,5-Dibutyloxytoluene (2d) 
(0.81 g, 86%). Colorless oil; 1H NMR (400 MHz, CDCl3) δ 6.31 
(d, J = 2.0 Hz, 2H), 6.27 (t, J = 2.0 Hz, 1H), 3.91 (t, J = 6.6 Hz, 
4H), 2.28 (s, 3H), 1.70__1.77 (m, 4H), 1.40__1.51 (m, 4H), 0.96 (t, 
J = 7.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 160.3, 139.9, 107.5, 98.4, 67.5, 31.4, 
21.4, 21.8, 19.3, 13.9; IR (cm-1) 1593, 1463, 1383, 1344, 1319, 1291, 1156, 1069, 988, 
827, 734, 684; Anal. Calcd. for C15H24O2: C, 76.23; H, 10.24. Found: C, 76.14; H, 
10.52. 
3,5-Dipentyloxytoluene (2e) 
(0.89 g, 85%). Colorless oil; 1H NMR (400 MHz, CDCl3) δ 
6.31 (d, J = 2.0 Hz, 2H), 6.27 (t, J = 2.0 Hz, 1H), 3.91 (t, J = 
6.6 Hz, 4H), 2.28 (s, 3H), 1.74__1.78 (m, 4H), 1.34__1.38 (m, 
8H), 0.92 (t, J = 7.0 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 160.3, 139.9, 107.5, 98.4, 
67.8, 29.1, 28.3, 22.5, 21.8, 14.1; IR (cm-1) 1593, 1464, 1383, 1343, 1321, 1291, 1156,  
1059, 824, 807, 730, 684; Anal. Calcd. for C17H28O2: C, 77.22; H, 10.67. Found: C, 
77.14; H, 11.02. 
3,5-Dihexyloxytoluene (2f) 
(1.01 g, 88%). Colorless oil; 1H NMR (400 MHz, CDCl3) δ 
6.31 (d, J = 2.0 Hz, 2H), 6.27 (t, J = 2.0 Hz, 1H), 3.91 (t, J = 
6.6 Hz, 4H), 2.28 (s, 3H), 1.75 (q, J = 4.9 Hz, 4H), 
1.32__1.46 (m, 12H), 0.90 (t, J = 7.0 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 160.3, 
140.0, 107.6, 98.4, 67.9, 31.7, 29.4, 25.8, 22.7, 21.8, 14.1; IR (cm-1) 1738, 1595, 1465, 
1372, 1235, 1166, 1044, 845, 633, 606; Anal. Calcd. for C19H32O2: C, 78.03; H, 11.03. 
Found: C, 78.09; H, 11.40. 
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3.8.2. Typical procedure for synthesis of 4-(4-methoxyphenyl)-3-buten-2-one. 
Anisaldehyde (4.46 mL, 36.75 mmol) was suspended in a mixture of acetone/water (6 
mL/6 mL) then 1% aqueous solution of sodium hydroxide (12 mL) was added slowly to 
the reaction mixture. The reaction mixture was heated to 65oC for 4 h. The reaction 
mixture was cooled to ambient temperature; water (30 mL) and toluene (50 mL) were 
added. The organic phase was separated, washed with brine and dried over magnesium 
sulphate and the solution was filtered and the solvent removed in vacuo to give the 
product. 
 
4-(4-Methoxyphenyl)-3-buten-2-one (3a) 
(6.14 g, 95%). Yellow solid; mp 68__70 °C (lit.8 70__72 °C); 1H 
NMR (400 MHz, CDCl3) δ 7.51__7.44 (m, 2H), 7.46 (d, J = 16.0 
Hz, 1H), 6.94__6.89 (m, 2H), 6.59 (d, J = 16.0 Hz, 1H), 3.82 (s, 3H), 2.34 (s, 3H). 13C 
NMR (100 MHz, CDCl3) δ 198.3, 161.5, 143.2, 129.9, 127.0, 124.9, 114.4, 55.3, 27.3; 
IR (cm−1) 3034, 2994, 2961, 1720, 1640, 1591, 1508, 817; GCMS: m/z Calcd for 
C11H12O2 176.08, Found 176.1. Anal. Calcd for C11H12O2: C, 74.96; H, 6.81; Found: C, 
74.75; H, 6.64.  
4-(4-Metylphenyl)-3-buten-2-one (3b)9 
(6 g, 90%). Light yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.43__7.51 
(m, 3H), 7.26__7.20 (m, 2H), 6.68 (d, J = 16.0 Hz, 1H), 2.38 (s, 6H). 
13C NMR (100 MHz, CDCl3) δ 198.6, 143.6, 141.1, 131.8, 129.8, 128.4, 126.4, 27.5, 
21.6; IR (cm−1) 3034, 2994, 2961, 1720, 1640, 1591, 1508, 817; GCMS: m/z Calcd for 
C11H12O 160.09, Found 160.20. Anal. Calcd for C11H12O: C, 82.45; H, 7.49; Found: C, 
82.23; H, 7.60. The spectral data were identical with those previously reported.
9 
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3.8.3. Typical procedure for synthesis of 5-phenyl-1,3-cyclohexanedione. 
To (0.78 g, 34.20 mmol) of sodium metal dissolved in (10 mL) of ethanol was added 
diethylmalonate (5.47 g, 34.20 mmol). The reaction mixture was stirred under ambient 
temperature for 20 min. A solution of 4-phenyl-but-3-en-2-one (5 g, 34.20 mmol) in 
ethanol (80 mL) was added dropwise to the reaction mixture then refluxed with constant 
stirring for 12 h. An aqueous solution of sodium hydroxide (2M) was added and the 
reaction mixture was refluxed for 2 h. Excess of ethanol was removed by evaporation 
then quenched with aqueous solution of hydrochloric acid (5M) and refluxed for 6 h 
then left to cool to ambient temperature, extracted with ethyl acetate, dried with 
magnesium sulphate. The solvent was removed and the title compound purified by 
recrystallization. 
 
5-Phenyl-1,3-cyclohexanedione (1b)10 
(5.02 g, 78%). Buff solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 185__188 °C (lit.10 186__187 °C); 1H 
NMR (400 MHz, CD3OD) δ 7.20__7.34 (m, 5H), 5.42 (s, 2H), 
3.32__3.39 (m, 1H), 2.5__2.7 (m, 4H); IR (cm−1) 3025, 2942, 1681, 1553, 1349, 1185, 
831; GCMS: m/z Calcd for C12H12O2 188.08, Found 188.2. Anal. Calcd for C12H12O2: C, 
76.56; H, 6.38; Found: C, 76.41; H, 6.43. The spectral data were identical with those 
previously reported.10 
5-(4-methylphenyl)-1,3-cyclohexanedione (1c)  
(5.04 g, 80%). Pale buff solid after recrystallization from a mixture 
of hexane:ethyl acetate (5:1); mp 180__184 °C; 1H NMR (400 MHz, 
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CD3OD) δ 7.10__7.17 (m, 4H), 5.42 (s, 2H), 3.32__3.35 (m, 1H), 2.45__2.63 (m, 4H), 
2.28 (s, 3H); IR (cm−1) 3025, 2942, 1681, 1553, 1349, 1185, 831; GCMS: m/z Calcd for 
C13H14O2 202.10, Found 202.00 Anal. Calcd for C13H14O2: C, 77.18; H, 6.92; Found: C, 
76.95; H, 6.99. 
5-(4-methoxylphenyl)-1,3-cyclohexanedione (1d)  
(4.77 g, 77%). Buff solid after recrystallization from a mixture 
of hexane:ethyl acetate (5:1); mp 179.5__183.5 °C; 1H NMR 
(400 MHz, CD3OD) δ 7.20__7.26 (d, J = 8.8 Hz, 2H), 
6.85__6.88 (d, J = 8.8 Hz, 2H), 5.41 (s, 2H), 3.76 (s, 3H), 3.26__3.33 (m, 1H), 2.47__2.65 
(m, 4H); IR (cm−1) 3019, 2956, 1601, 1508, 1292, 1216, 1120, 824; GCMS: m/z Calcd 
for C13H14O3 218.09, Found 218.20. Anal. Calcd for C13H14O3: C, 71.53; H, 6.42; 
Found: C, 71.36; H, 6.46.  
5-Isopropyl-1,3-cyclohexanedione (1e)11 
(5.43 g, 79%). Pale yellow solid after column chromatography 
(hexane:ethyl acetate (1:2)); mp 57__62 °C; 1H NMR (400 MHz, CDCl3) δ 
6.09 (s, 1H, OH), 5.48 (s, 1H, enol), 3.39 (t, 2H keto form), 2.37__2.46 (m, 
2H), 1.89__1.92 (m, 1H), 1.58__1.63 (m, 1H), 0.94 (d, J = 8.2 Hz, 6H). 13C NMR (100 
MHz, CDCl3) δ 204.2, 192.4, 57.7, 36.2, 31.2, 19.3; IR (cm−1) 2961, 1562, 1365, 1330, 
1299, 1149, 833; GCMS: m/z Calcd for C9H14O2 154.00, Found 154.20. Anal. Calcd for 
C9H14O2: C, 70.08; H, 9.09; Found: C, 69.94; H, 9.07. The spectral data were identical 
with those previously reported.11 
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3.8.4. Typical procedure for the reaction of 5-phenyl-1,3-cyclohexanedione with 
methanol in the presence of Pd/C under ethylene atmosphere.  
To a mixture of 5-phenyl-1,3-cyclohexanedione (0.5 g, 2.65 mmol) and 5% Pd/C (1 
mo%), methanol (8.07 mL, 318.77 mmol) was added followed by trimethyl 
orthoformate (0.54 mL, 5.31 mmol). The reaction mixture was capped in autoclave 
under (3 atm) of ethylene gas. The reaction mixture was heated to 130 °C for 48 h. The 
reaction mixture was cooled to ambient temperature then filtered through celite, the 
solvent was removed in vacuo and the obtained residue purified by silica-gel column 
chromatography (hexane:ethyl acetate (10:1)). 
 
3,5-dimethoxy-1,1'-biphenyl (2g)6  
(0.42 g, 73%). Pale yellow oil after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (10:1)).; 1H NMR (400 MHz, 
CDCl3) δ 7.59 (d, J = 7.7 Hz, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.36 (t, 
J = 7.3 Hz, 2H), 6.73 (d, J = 2.4 Hz, 2H), 6.47 (t, J = 2.2 Hz, 1H), 3.86 (s, 6H). 13C 
NMR (100 MHz, CDCl3) δ 161.0, 143.5, 141.2, 128.7, 127.5, 127.2, 105.5, 99.3, 55.4; 
IR (cm−1) 2998, 2933, 1591, 1574, 1415, 1335, 1151, 1064, 830; GCMS: m/z Calcd for 
C14H14O2 214.10, Found 214.19 Anal. Calcd for C14H14O2: C, 78.47; H, 6.53; Found: C, 
78.50; H, 6.83. The spectral data were identical with those previously reported. 
3,5-Dimethoxy-4'-methyl-1,1'-biphenyl (2h) 12,13 
(0.39 g, 70%). White solid after isolation silica-gel by column 
chromatography (hexane:ethyl acetate (10:1)); mp 57__59 °C (lit.13 
55__56 °C); 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 7.7 Hz, 
2H), 7.23 (d, J = 7.6 Hz, 2H), 6.71 (d, J = 2.4 Hz, 2H), 6.45 (t, J = 2.2 Hz, 1H), 3.83 (s, 
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6H), 2.39 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.4, 143.8, 138.7, 137.7, 129.7, 
127.3, 105.6, 99.4, 55.7, 21.4; IR (cm−1) 3018, 2956, 1588, 1453, 1422, 1346, 1204, 
1149, 807; GCMS: m/z Calcd for C15H16O2 228.12, found 228.10. Anal. Calcd for 
C15H16O2: C, 78.91; H, 7.01; Found: C, 78.91; H, 7.20. The spectral data were identical 
with those previously reported. 12,13 
3,4',5-trimethoxy-1,1'-biphenyl(2i) 14,15 
(0.39 g, 70%). White solid after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (10:1)); mp 59 °C (lit.15 
58__59 °C); 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 6.64 
Hz, 2H), 6.95 (d, J = 6.68 Hz, 2H), 6.72 (d, J = 2.2 Hz, 2H), 6.46 (t, J = 2.2 Hz, 1H), 
3.87 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 161.0, 159.3, 143.1, 133.7, 128.2, 114.1, 
105.1, 98.7, 55.4; IR (cm−1) 3020, 2994, 1588, 1455, 1422, 1204, 1149, 810; GCMS: 
m/z Calcd for C15H16O3 244.11, Found 244.23. Anal. Calcd for C15H16O3: C, 73.74; H, 
6.55; Found: C, 73.91; H, 6.74. The spectral data were identical with those previously 
reported. 14,15 
1,3-Dimethoxy-5-isopropylbenzene (2j) 
(0.31 g, 52%). Yellow oil after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (10:1)); 1H NMR (400 MHz, 
CDCl3) δ 6.31 (d, J = 2.4 Hz, 2H), 6.21 (t, J = 2.2 Hz, 1H), 3.69 (s, 
6H), 2.721__2.79 (m, 1H, CH), 1.15 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, CDCl3,) δ 
160.6, 150.5, 103.8, 96.4, 54.8, 33.4, 22.6; IR (cm−1) 2996, 2957, 1593, 1459, 1426, 
1201, 1148, 1044, 830; GCMS: m/z Calcd for C11H16O2 180.12, Found 180.39. Anal. 
Calcd for C11H16O2: C, 73.28; H, 8.88; Found: C, 73.02; H, 9.01. 
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3.8.5. Typical procedure for synthesis of 4,5-diphenyl-1,3-cyclohexanedione 
To a stirred solution of freshly prepared sodium ethoxide from sodium metal (0.78 g, 
34.2 mmol) in absolute ethanol (20 mL) under argon was added ethyl phenyl acetate 
(5.61 g, 34.2 mmol). The reaction mixture was stirred under ambient temperature for 20 
min. benzalacetone (5 g, 34.2 mmol) was dissolved in ethanol (30 mL) and added 
dropwise to the reaction mixture then refluxed with constant stirring for 12 h. Water was 
then added, and the thick brown precipitate was filtered. The filtrate was concentrated, 
acetic acid was added to give a yellow gum, which was ether extracted, and the ether 
solution was dried and concentrated in vacuo.  
 
4,5-Diphenyl-1,3-cyclohexanedione (1f)4  
(3.43 g, 38%). White solid after recrystallization from mixture a of 
hexane:ethyl acetate (20:1); mp 159__163 °C (lit.4 160__165 °C); 1H 
NMR (400 MHz, CD3OD) δ 7.00__7.17 (m, 6H), 6.80__6.83 (dd, J = 2 
Hz, 3.6 Hz, 2H), 6.71__7.74 (m, 2H), 5.7 (s, 1H, enol), 3.79__3.94 (m, 2H), 3.49__3.59 
(m, 2H), 2.82__2.93 (m, 1H), 2.56__2.63 (dd, J = 4.8 Hz, 4.8 Hz, 1H) ppm; IR (cm−1) 
3029, 2359, 1941, 1591, 1490, 1416, 1320, 1213, 1185, 1074, 998, 851; GCMS: m/z 
Calcd for C18H16O2 264.32, Found 264.10. Anal. Calcd for C18H16O2: C, 81.79; H, 6.10; 
Found: C, 81.50; H, 6.11. 
4-(4-Methylphenyl)-5-phenyl-1,3-cyclohexanedione (1g): 
(3.33 g, 35%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 191__194 °C; 1H NMR (400 MHz, 
CD3OD) δ 7.06__7.19 (m, 4H), 6.81__7.97 (m, 5H), 5.42 (s, 2H), 
3.76__3.89 (m, 2H), 3.46__3.52 (m, 1H), 2.81__2.90 (m, 2H), 2.55__2.61 (dd, J = 4.8 Hz, 
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4.8 Hz, 1H); IR (cm−1) 2904, 2358, 1698, 1607, 1557, 1453, 1339, 1239, 1209, 1075, 
961, 831; GCMS: m/z Calcd for C19H18O2 278.35, Found 278.90. Anal. Calcd for 
C19H18O2: C, 81.99; H, 6.52; Found: C, 81.73; H, 6.44. 
 
3.8.6. Typical procedure for synthesis of 4,5-dimethyl-1,3-cyclohexanedione 
To a solution of 2-butanone (3.78 mL, 42.21 mmol) in THF (100 mL) was added 
t-BuOK (4.7 g, 42.2 mmol) at room temperature, then the mixture was stirred at 0 °C 
for 20 min. To this mixture tert-butyl crotonate (5.6 mL, 35.18 mmol) was added 
dropwise at 0 °C. The reaction mixture was stirred for 24 h. The reaction mixture was 
quenched with dil. HCl and was stirred for 2 h followed by extraction from ethyl acetate, 
then the organic layer was separated and the organic solvent was evaporated in vacuo to 
give the dione. 
 
4,5-Dimethyl-1,3-cyclohexanedione (1h)5 
(1.57 g, 32%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 95__98 °C; 1H NMR (400 MHz, CD3OD) δ 
5.29 (s, 1H, enol), 3.50__3.55 (m, 2H), 2.43__2.49 (dd, J = 4.8 Hz, 4.8 Hz , 1H) , 
2.13__2.22 (m, 2H) , 2.01__2.09 (m, 1H) , 1.83__1.94 (m, 1H), 1.17__1.19 (d, J = 6.8 Hz, 
3H), 1.07__1.09 (d, J = 6.8 Hz, 3H); IR (cm−1) 2981, 2932, 2891, 1868, 1588, 1514, 
1462, 1359, 1310, 1221, 1189, 1154, 1082, 952; GCMS: m/z Calcd for C8H12O2 140.18. 
Found 140.20. Anal. Calcd for C8H12O2: C, 68.55; H, 8.63; Found: C, 68.28; H, 8.71. 
4-Methyl-5-phenyl-1,3-cyclohexanedione (1i)  
(3.15 g, 55%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 145__148 °C; 1H NMR (400 MHz, 
CD3OD) δ 7.20__7.34 (m, 5H), 5.35 (s, 1H, enol), 3.53__3.59 (m, 1H), 
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2.92__3.00 (m, 1H), 2.58__2.78 (m, 2H), 2.44__2.54 (m, 2H), 0.88__0.99 (d, J = 7.6 Hz, 
3H); IR (cm−1) 2875, 1888, 1600, 1495, 1454, 1372, 1325, 1225, 1176, 1051, 970, 849; 
GCMS: m/z Calcd for C13H14O2 202.25, Found 202.10 Anal. Calcd for C13H14O2: C, 
77.20; H, 6.98; Found: C, 77.07; H, 6.98. 
4-Ethyl-5-methyl-1,3-cyclohexanedione (1j) 
(3.14 g, 58%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 129__130 °C; 1H NMR (400 MHz, 
CD3OD) δ 2.38__3.2.45 (m, 3H), 2.19__2.27 (q, J = 7.3 Hz, 2H), 
2.10__2.16 (m, 3H), 1.04__1.06 (d, J = 6 Hz, 3H), 0.88__0,99 (t, J = 7.6 Hz, 2H); IR 
(cm−1) 2991, 2821, 1761, 1587, 1456, 1398, 1232, 1204, 1119, 1007, 976, 843; GCMS: 
m/z Calcd for C9H14O2 154.21, Found 154.20. Anal. Calcd for C9H14O2: C, 70.10; H, 
9.15; Found: C, 69.95; H, 9.14. 
4-Ethyl-5-phenyl-1,3-cyclohexanedione (1k) 
(4.29 g, 70%). White solid after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (1:2)); mp 127__131 °C; 1H 
NMR (400 MHz, CD3OD) δ 7.20__7.37 (m, 5H), 2.65__2.73 (m, 3H), 
2.55__2.62 (dd, J = 4.8 Hz, 4.8 Hz, 3H), 2.26__2.33 (q, J = 7.3 Hz, 2H), 0.91__0,96 (t, J = 
7.4 Hz, 2H); IR (cm−1) 2965, 2878, 1584, 1506, 1369, 1326, 1302, 1221, 1172, 987, 848, 
759; GCMS: m/z Calcd for C14H16O2 216.28, Found 216.23. Anal. Calcd for C14H16O2: 
C, 77.75; H, 7.46; Found: C, 77.47; H, 7.45. 
2,4,5-Trimethyl-1,3-cyclohexanedione (1l) 
(2.76 g, 51%). white solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 142__146 °C; 1H NMR (400 MHz, CD3OD) 
δ 2.50__2.58 (m, 2H), 2.16__2.28 (m, 1H) , 1.97__2.06 (m, 1H) , 1.79__1.89 
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(m, 1H), 1.63 (br s, 3H), 1.17__1.19 (d, J = 6.8 Hz, 3H), 1.07__1.09 (d, J = 6.4 Hz, 3H); 
IR (cm−1) 2975, 2948, 1740, 1709, 1591, 1458, 1238, 1163, 932, 898; GCMS: m/z  
Calcd for C9H14O2 154.00, Found 154.20. Anal. Calcd for C9H14O2: C, 70.10; H, 9.15; 
Found: C, 69.98; H, 8.95.  
2,4 -Dimethyl-5-phenyl-1,3-cyclohexanedione (1m) 
(4.29 g, 70%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 208__210 °C; 1H NMR (400 MHz, 
CD3OD) δ 7.20__7.34 (m, 5H), 3.52-3.58 (m, 2H), 2.95-3.04 (m, 1H), 
2.64__2.72 (m, 1H), 2.53__2.61 (dd, J = 4Hz, 4.4Hz, 1H), 1.71 (br s, 3H), 0.88__0.99 (d, 
J = 7.2 Hz, 3H); IR (cm−1) 2990, 2931, 2602, 1705, 1631, 1563, 1497, 1369, 1234, 1369, 
1234, 1211, 1098, 1017, 973, 896; GCMS: m/z Calcd for C14H16O2 216.28, Found 
216.10. Anal. Calcd for C14H16O2: C, 77.75; H, 7.46; Found: C, 77.49; H, 7.45.  
2,4,5-Triphenyl-1,3-cyclohexanedione (1n) 
(6.85 g, 71%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 215__219 °C; 1H NMR (400 MHz, 
CD3OD) δ 7.09__7.37 (m, 15H), 4.04__4.16 (m, 2H), 3.60__3.68 (m, 
1H), 2.99__3.08 (m, 1H), 2.76__2.83 (dd, J = 4.8Hz, 4.8Hz, 1H); IR (cm−1) 3025, 2901, 
1690, 1574, 1493, 1377, 1302, 1268, 1073, 1029, 951, 907; GCMS: m/z Calcd for 
C24H20O2 340.15, Found 340.21. Anal. Calcd for C24H20O2: C, 84.68; H, 5.92; Found: C, 
84.44; H, 5.98. 
2,4 -Diphenyl-5-methyl-1,3-cyclohexanedione (1o) 
(7.91 g, 65%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 153__157 °C; 1H NMR (400 MHz, 
CD3OD) δ 7.17__7.28 (m, 10H), 3.40__3.49 (m, 2H), 2.61__2.72 (m, 2H), 2.40__2.52 (m, 
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1H), 0.98__1.65 (d, J = 4.8Hz, 1H); IR (cm−1) 3032, 2964, 2944, 1604, 1557, 1495, 1385, 
1322, 1269, 1172, 1015, 959, 898; GCMS: m/z Calcd for C19H18O2 278.13, Found 
278.10. Anal. Calcd for C19H18O2: C, 81.99; H, 6.52; Found: C, 81.74; H, 6.52. 
2,5 -Dimethyl-4-phenyl-1,3-cyclohexanedione (1p): 
(6.05 g, 64%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 136__139 °C; 1H NMR (400 MHz, 
acetone-d6) δ 7.13__7.35 (m, 5H), 3.25__3.36 (m, 1H), 2.47__2.59 (m, 
2H), 2.26__2.36 (m, 2H), 1.72 (br s, 3H), 0.91__0.95 (d, J = 4.8 Hz, 3H); IR (cm−1) 2922, 
2868, 2639, 1680, 1603, 1551, 1454, 1319, 1253, 1079, 1061, 909, 822; GCMS: m/z 
Calcd for C14H16O2 216.28, Found 216.20. Anal. Calcd for C14H16O2: C, 77.75; H, 7.56; 
Found: C, 77.97; H, 7.23.  
4,5-Diphenyl-2-methyl-1,3-cyclohexanedione (1q) 
 (5.92 g, 75%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 166__169 °C; 1H NMR (400 MHz, 
acetone-d6) δ 7.00__7.21 (m, 10H), 3.88__3.92 (d, J = 9.6 Hz, 1H), 
3.44__3.51 (m, 1H), 2.83__2.92 (dd, J = 10 Hz, 9.6 Hz, 1H), 2.63__2.70 (dd, J = 4.4 Hz, 
4.8 Hz, 1H), 1.77 (br s, 3H); IR (cm−1) 3028, 2951, 2901, 1683, 1573, 1460, 1403, 1293, 
1223, 1172, 1021, 1172, 1021, 974, 863; GCMS: m/z Calcd for C19H18O2 278.13, Found 
278.20. Anal. Calcd for C19H18O2: C, 81.99; H, 6.52; Found: C, 81.83; H, 6.27.  
2,4 -Dimethyl-5-(4-methylphenyl)-1,3-cyclohexanedione (1r) 
(4.72 g, 78%). White solid after recrystallization from a mixture of 
hexane:ethyl acetate (5:1); mp 186__190 °C; 1H NMR (400 MHz, 
CD3OD) δ 7.09__7.15 (m, 5H), 3.44__3.50 (m, 1H), 2.91__3.01 (m, 
1H), 2.57__2.67 (m, 1H), 2.46__2.53 (m, 1H), 2.30 (s, 3H), 1.69 (br s, 3H), 0.84__0.88 (d, 
 48 
 
J = 7.2 Hz, 3H); IR (cm−1) 2969, 2926, 2868, 1597, 1558, 1426, 1360, 1262, 1019, 999, 
878; GCMS: m/z Calcd for C15H18O2 230.13, Found 230.20. Anal. Calcd for C15H18O2: 
C, 78.23; H, 7.88; Found: C, 77.93; H, 7.89. 
 
3.8.7. Typical procedure for oxidative methylation of 4,5-diphenyl-1,3- 
cyclohexanedione under Pd/C ethylene system 
To a mixture of 4,5-diphenyl-1,3-cyclohexanedione (0.5 g, 1.89 mmol), 5% Pd/C (15 
mol%) and methanol (9.18 mL, 227.16 mmol) was added followed by addition 
trimethyl orthoformate (0.42 mL, 3.78 mmol). The reaction mixture was capped in 
autoclave under (3 atm) of ethylene gas. The reaction mixture was heated to 130 °C for 
48 h. The reaction mixture was cooled to ambient temperature then filtered through 
celite, the solvent was removed in vacuo and the residue purified by silica-gel column 
chromatography (hexane:ethyl acetate (10:1)). 
 
3’,5’-Dimethoxy-o-terphenyl (2k) 
(0.41 g, 75%). pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 
7.04__7.21 (m, 10H), 6.57 (s, 2H), 3.86 (s, 3H), 3.75 (s, 3H). 13C 
NMR (100 MHz, CDCl3) δ 159.5, 158.1, 143.4, 141.6, 136.7, 
131.6, 131.2, 129.7, 127.5, 127.3, 126.3, 126.1, 106.5, 97.9, 55.8, 55.4; IR (cm−1) 3006, 
2941, 2837, 1461, 1343, 1203, 1064, 1039; HRMS [DART+] m/z: [M + H]+ Calcd for 
C20H19O2 291.1385, found 291.1386.  
3’,5’-Dimethoxy-4-methyl-o-terphenyl (2l) 
(0.42 g, 78%). Buff solid; mp 155__158 °C; 1H NMR (400 MHz, 
CDCl3) δ 7.06__7.17 (m, 5H), 6.93__6.99 (m, 4H), 6.56 (s, 2H), 
3.85 (s, 3H), 3.74 (s, 3H), 2.26 (s, 3H). 13C NMR (100 MHz, 
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CDCl3) δ 159.4, 158.2, 143.4, 141.9, 135.6, 133.7, 131.5, 129.8, 128.2, 127.6, 126.3, 
122.7, 106.6, 97.9, 55.9, 55.5, 21.3; IR (cm−1) 3020, 2959, 2837, 1584, 1477, 1461, 
1343, 1236, 1158, 1107; HRMS [DART+] m/z: [M + H]+ Calcd for C21H21O2 305.1542, 
Found 305.1529.  
1,5-Dimethoxy-2,3-dimethylbenzene (2m) 
(0.4 g, 68 %). Pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 6.32 (d, J 
= 2.8 Hz, 2H), 3.77 (s, 3H), 3.76 (s, 3H), 2.23 (s, 3H), 2.06 (s, 3H). 13C 
NMR (100 MHz, CDCl3) δ 158.3, 158.1, 138.1, 117.2, 106.3, 95.9, 55.5, 
55.2, 20.4, 10.9; IR (cm−1) 3095, 2937, 2835, 1591, 1493, 1416, 1314, 1200, 1148, 1111, 
1059; HRMS [DART+] m/z: [M + H]+ Calcd for C10H15O2 167.1072, Found 167.1063.  
3,5-dimethoxy-2-methy-1,1’-biphenyl (2n) 
(0.39 g, 70%). Pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 
7.24__7.40 (m, 5H), 6.47 (d, J = 2.4 Hz, 1H), 6.41 (d, J = 2.4 Hz, 
1H), 3.82 (s, 3H), 3.78 (s, 3H), 2.03 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δ 158.6, 158.1, 143.5, 142.1, 129.2, 128.3, 128.1, 126.5, 116.7, 105.6, 97.4, 
55.6, 55.4, 12.7; IR (cm−1) 3010, 2995, 2835, 1455, 1412, 1329, 1204, 1143, 1055, 
1042; HRMS [DART+] m/z: [M + H]+ Calcd for C15H17O2 229.1229, Found 229.1230.  
2-Ethyl-1,5-dimethoxy-3-dimethylbenzene (2o) 
(0.4 g, 70%). Pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 6.29 (s, 
2H), 3.72 (s, 6H), 2.54 (q, J = 7.3 Hz, 2H), 2.25 (s, 3H), 0.98 (t, J = 
7.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 158.6, 157.8, 143.3, 142.2, 129.1, 127.9, 
126.8, 123.27, 105.5, 97.7, 55.5, 55.3, 19.9, 14.9; IR (cm−1) 2961, 2923, 1588, 1456, 
1412, 1257, 1009, 863; HRMS [DART+] m/z: [M + H]+ Calcd for C11H17O2 181.1229, 
Found 181.1223.  
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2-Ethyl-3,5-dimethoxy-1,1’-biphenyl (2p) 
(0.41 g, 74%). Pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 
7.29__7.41 (m, 5H), 6.48 (d, J = 2.4 Hz, 1H), 6.35 (d, J = 2.4 Hz, 
1H), 3.84 (s, 3H), 3.78 (s, 3H), 2.48 (q, J = 7.6 Hz, 2H), 1.01 (t, J = 
7.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 158.6, 157.8, 143.3, 142.2, 129.1, 127.9, 
126.8, 123.27, 105.5, 97.7, 55.5, 55.3, 19.9, 14.9; IR (cm−1) 3004, 2958, 2870, 1462, 
1414, 1351, 1203, 1144, 1053, 1041; HRMS [DART+] m/z: [M + H]+ Calcd for 
C16H19O2 243.1385, Found 243.1370. 
1,5-Dimethoxy-2,3,5-trimethylbenzene (2q) 
(0.43 g, 75%). Pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 6.48 (s, 
1H), 3.79 (s, 3H), 3.67 (s, 3H), 2.25 (s, 3H), 2.13 (s, 3H), 2.14 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 157.3, 156.1, 135.1, 121.4, 116.6, 108.1, 
60.1, 55.7, 20.3, 11.8, 8.9; IR (cm−1) 3012, 2935, 1584, 1463, 1316, 1224, 1121, 1086; 
HRMS [DART+] m/z: [M + H]+ Calcd for C11H17O2 181.1229, Found 181.1223. 
3,5-dimethoxy-2,4-dimethy-1,1’-biphenyl (2r) 
(0.38 g, 68%). Pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 
7.31__7.43 (m, 5H), 6.56 (s, 1H), 3.81 (s, 3H), 3.75 (s, 3H), 2.21 (s, 
3H), 2.12 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 156.5, 155.1, 
141.1, 139.6, 128.2, 126.9, 125.7, 119.6, 117.4, 106.8, 58.8, 54.5, 12.1, 8.05; IR (cm−1) 
3002, 2961, 1566, 1463, 1392, 1257, 1114, 1007; HRMS [DART+] m/z: [M + H]+ Calcd 
for C16H19O2 243.1385, Found 243.1374. 
1,5-Dimethoxy-2,3,5-triphenlbenzene (2s) 
(0.43 g, 80%). White soid; mp 146__149 °C; 1H NMR (400 MHz, 
CDCl3) δ 7.10__7.52 (m, 15H), 6.83 (s, 1H), 3.78 (s, 3H), 2.97 (s, 
3H). 13C NMR (100 MHz, CDCl3) δ 156.6, 156.3, 142.3, 141.5, 
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136.9, 134.1, 131.4, 130.8, 129.8, 127.8, 127.7, 127.6, 127.5, 127.1, 126.5, 126.2, 123.7, 
108.9, 60.2, 56.1; IR (cm−1) 3100, 2910, 1454, 1385, 1234, 1094, 1015; HRMS 
[DART+] m/z: [M + H]+ Calcd for C26H23O2 367.1698, Found 367.1717.  
4’-Methyl-2’,6’-dimethoxy-m-terphenyl (2t) 
(0.38 g, 71%). Pale yellow solid; mp 145__147 °C; 1H NMR (400 
MHz, CDCl3) δ 7.28__7.47 (m, 10H), 6.70 (s, 1H), 3.76 (s, 3H), 
2.98 (s, 3H), 2.16 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 156.4, 
156.1, 137.8, 137.3, 134.2, 130.9, 130.8, 130.6, 130.2, 128.8, 128.7, 128.5, 128.1, 127.7, 
126.7, 126.6, 122.1, 108.4, 60.3, 55.8, 21.1; IR (cm−1) 3063, 2935, 2848, 1529, 1461, 
1388, 1246, 1192, 1097; HRMS [DART+] m/z: [M + H]+ Calcd for C21H21O2 305.1542, 
Found 305.1558.  
2,4-Dimethoxy-3,6-dimethy-1,1’-biphenyl (2u) 
(0.42 g, 75%). Buff solid; mp 90__93 °C; 1H NMR (400 MHz, 
CDCl3) δ 7.21__7.41 (m, 5H), 6.56 (s, 1H), 3.81 (s, 3H), 3.30 (s, 3H), 
2.16 (s, 3H), 2.09 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 157.8, 156.7, 137.9, 134.7, 
130.3, 128.2, 127.9, 126.5, 116.8, 107.7, 60.2, 55.6, 20.7, 8.9; IR (cm−1) 3055, 2936, 
1572, 1441, 1395, 1271, 1224, 1133, 1101; HRMS [DART+] m/z: [M + H]+ Calcd for 
C16H19O2 243.1385, Found 243.1382. 
3’,5’-Dimethoxy-4’-methyl-o-terphenyl (2v) 
(0.37 g, 69%). Buff solid; mp 135__139 °C; 1H NMR (400 MHz, 
CDCl3) δ 7.06__7.21 (m, 10H), 6.72 (s, 1H), 3.86 (s, 3H), 3.28 (s, 
3H), 2.24 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 157.6, 156.8, 
141.7, 140.1, 137.1, 131.4, 192.8, 127.6, 127.4, 126.3, 126.1, 118.9, 108.1, 60.1, 55.7, 
9.1; IR (cm−1) 3010, 2925, 2890, 1439, 1389, 1332, 1260, 1189, 1116, 1028; HRMS 
[DART+] m/z: [M + H]+ Calcd for C21H21O2 305.1542, Found 305.1559.  
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3,5-Dimethoxy-2,4,4’-dimethy-1,1’-biphenyl (2w) 
(0.43 g, 77%). Pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 
7.21 (s diffuse, 4H), 6.55 (s, 1H), 3.78 (s, 3H), 3.73 (s, 3H), 
2.39 (s, 3H), 2.20 (s, 3H), 2.13 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δ 157.6, 156.1, 140.6, 139.3, 136.4, 129.2, 128.8, 120.8, 118.3, 108.1, 59.9, 
55.6, 21.2, 13.2, 9.1; IR (cm−1) 3040, 2934, 2863, 1577, 1480, 1445, 1388, 1277, 1232, 
1117, 1019; HRMS [DART+] m/z: [M + H]+ Calcd for C17H21O2 257.1542, Found 
257.1529. 
 
3.8.8. Typical procedure for direct oxidation of 5-phenyl-1,3-cyclohexanedione 
using Pd/C ethylene system 
A mixture of 1,3-cyclohexanedione derivatives (0.5 g, 2.65 mmol), 5% Pd/C (15 mol%) 
and potassium carbonate (0.07 g, 0.53 mmol) in (20 mL) acetonitrile was capped in 
autoclave under (3 atm) of ethylene gas. The reaction mixture was heated to 150 °C for 
48 h. The reaction mixture was cooled to ambient temperature then filtered through 
celite, the solvent was removed in vacuo and the residue purified by silica-gel column 
chromatography. 
 
3,5- Dihydroxy -1,1’-biphenyl (4a)3  
(0.39 g, 80%). White solid after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (1:1)); mp 155__158 °C (lit.3 
157 °C); 1H NMR (400 MHz, acetone-d6) δ 8.45 (s, 2H, OH ), 7.62 
(d, J = 7.2 Hz, 2H), 7.42 (t, J = 7.2 Hz, 2H), 7.32 (t, J = 7.4 Hz, 1H), 6.71 (d, J = 2 Hz, 
2H), 6.48 (t, J = 2 Hz, 1H). 13C NMR (100 MHz, acetone-d6) δ 158.9, 143.4, 141.2, 
128.8, 127.4, 126.7, 105.7, 101.8; IR (cm−1) 3326, 3054, 2991, 1608, 1480, 1352, 1255, 
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1153, 1001; HRMS [DART+] m/z: [M + H]+ Calcd for C12H11O2 187.0759, Found 
187.0751. 
3’,5’-Dihydroxy-o-terphenyl (4b) 
(0.37 g, 75%). Buff solid after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (2:1)); mp 95__100 °C; 1H 
NMR (400 MHz, acetone-d6) δ 8.34 (s, 1H, OH), 7.83 (s, 1H, OH), 
7.04__7.35 (m, 10H), 6.53 (d, J = 2.4 Hz, 1H), 6.43 (d, J = 2.4 Hz, 1H). 13C NMR (100 
MHz, acetone-d6,) δ 157.2, 155.6, 143.4, 142.1, 137.2, 131.7, 129.6, 127.6, 127.4, 125.9, 
119.9, 109.1, 101.9; IR (cm−1) 3361, 3001, 2980, 1616, 1455, 1435, 1337, 1262, 1155, 
1072, 1005; HRMS [DART+] m/z: [M + H]+ Calcd for C18H15O2 263.1072, Found 
263.1071. 
1,3- Dihydroxy -2,4,5-triphenlbenzene (4c) 
 (0.37 g, 76%). Pale yellow solid after isolation by silica-gel 
column chromatography (hexane:ethyl acetate (1:1)); mp 
210__213 °C; 1H NMR (400 MHz, acetone-d6) δ 8.11 (s, 1H, OH), 
7.10__7.55 (m, 15H), 6.68 (s, 1H), 6.52 (s, 1H, OH). 13C NMR (100 MHz, acetone-d6) δ 
154.2, 152.1, 141.9, 141.8, 136.9, 134.1, 131.9, 131.2, 129.6, 128.2, 127.9, 127.6, 127.1, 
126.4, 126.2, 120.1, 115.9, 109.2; IR (cm−1) 3520, 3436, 3055, 2995, 1558, 1449, 1408, 
1315, 1164, 1040; HRMS [DART+] m/z: [M + H]+ Calcd for C24H19O2 339.1385, 
Found 339.1404. 
3’,5’-Dihydroxy-4’-methyl-o-terphenyl (4d) 
 (0.29 g, 60%). Yellow oil after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (2:1)); 1H NMR (400 MHz, 
acetone-d6) δ 8.32 (s, 1H, OH), 6.95__7.28 (m, 10H), 6.62 (s, 1H), 6.52 
(s, 1H, OH), 2.19 (s, 3H). 13C NMR (100 MHz, acetone-d6) δ 155.1, 152.9, 142.1, 139.6, 
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136.9, 131.7, 128.1, 127.4, 126.5, 125.9, 119.4, 110, 108.7, 8.2; IR (cm−1) 3498, 3055, 
1598, 1478, 1406, 1307, 1244, 1067; HRMS [DART+] m/z: [M + H]+ Calcd for 
C19H17O2 277.1229, Found 277.1242.  
3’,5’-Dihydroxy-4-methyl-o-terphenyl (4e) 
(0.39 g, 78%). Buff solid after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (1:1)); mp 165__168 °C; 
1H NMR (400 MHz, acetone-d6) δ 8.34 (br s, 1H, OH), 7.73 (br 
s, 1H, OH), 6.94__7.16 (m, 9H), 6.53 (d, J = 2.4 Hz, 1H), 6.43 (d, J = 2.4 Hz, 1H), 2.24 
(s, 3H). 13C NMR (100 MHz, acetone-d6) δ 157.1, 155.6, 143.4, 142.2, 135.1, 134.1, 
131.5, 129.6, 128.2, 127.4, 126.1, 119.4, 108.9, 101.6, 20.2; IR (cm−1) 3344, 3019, 2920, 
1601, 1454, 1433, 1337, 1272, 1151, 1006; HRMS [DART+] m/z: [M + H]+ Calcd for 
C19H17O2 277.1229, Found 277.1220. 
3,5-Dihydroxy-2-methy-1,1’-biphenyl (4f) 
(0.35 g, 70%). Pale yellow oil after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (1:1)); 1H NMR (400 MHz, 
acetone-d6) δ 8.19 (br s, 2H, OH), 7.27__7.45 (m, 5H), 6.43 (d, J = 
2.4 Hz, 1H), 6.26 (d, J = 2.4 Hz, 1H), 1.99 (s, 3H). 13C NMR (100 MHz, acetone-d6) δ 
156.7, 155.9, 144.1, 142.8, 129.3, 128.3, 126.9, 113.1, 108.4, 101.7, 12.3; IR (cm−1) 
3260, 2965, 1520, 1422, 1403, 1252, 1130, 1009; HRMS [DART+] m/z: [M + H]+ 
Calcd for C13H12O2 201.0916, Found 201.0903. 
3,5-Dihydroxy-2,4-dimethy-1,1’-biphenyl (4g)  
(0.22 g, 45%). Yellow oil after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (1:1)); 1H NMR (400 MHz, 
acetone-d6) δ 9.02 (br s, 1H, OH), 7.97 (br s, 1H, OH), 7.08__7.48 (m, 
5H), 6.36 (s, 1H), 2.16 (s, 3H), 2.03 (s, 3H). 13C NMR (100 MHz, acetone-d6) δ 156.1, 
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155.1, 144.2, 141.9, 130.8, 129.6, 128.2, 114.4, 111.6, 109.9, 14.3, 9.9; IR (cm−1) 3391, 
3004, 2924, 1592, 1455, 1411, 1302, 1230, 1149, 1090, 1025; HRMS [DART+] m/z: [M 
+ H]+ Calcd for C14H15O2 215.1072, Found 215.1084.  
2-Ethyl-3,5-dihydroxy-1,1'-biphenyl (4h) 
(0.35 g, 71%). Buff solid after isolation by silica-gel column 
chromatography (benzene:ethyl acetate (5:1)); mp 80__83 °C; 1H 
NMR (400 MHz, acetone-d6) δ 7.99 (s, 2H, OH), 7.25__7.42 (m, 5H), 
6.43 (d, J = 2.4 Hz, 1H), 6.21 (d, J = 2.4 Hz, 1H), 2.46 (q, J = 7.3 Hz, 2H), 1.00 (t, J = 
7.2 Hz, 3H). 13C NMR (100 MHz, Acetone-d6) δ 156.2, 155.4, 143.7, 142.6, 128.8, 
127.9, 126.6, 119.6, 108.2, 101.9, 19.8, 14.3; IR (cm−1) 3232, 2969, 2872, 1588, 1455, 
1344, 1245, 1025; HRMS [DART+] m/z: [M + H]+ Calcd for C14H15O2 215.1072, 
Found 215.1084.  
3,5- Dihydroxy -4’-methyl-1,1’-biphenyl (4i)3 
(0.4 g, 81%). Buff solid after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (2:1)); mp 158__160 °C 
(lit.3 163__164 °C); 1H NMR (400 MHz, acetone-d6) δ 8.35 (s, 
2H, OH ), 7.45 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 7.2 Hz, 2H), 6.43 (d, J = 2 Hz, 2H), 
6.39 (t, J = 2.2 Hz, 1H), 2.32(s, 3H). 13C NMR (100 MHz, acetone-d6,) δ 160.4, 144.9, 
139.9, 138.6, 131.1, 128.2, 107.1, 103.1, 21.9; IR (cm−1) 3289, 2915, 1595, 1490, 1351, 
1260, 1151, 1036, 998; HRMS [DART+] m/z: [M + H]+ Calcd for C13H13O2 201.0916, 
Found 201.0913. 
3,5-Dihydroxy-2,4,4’-trimethy-1,1’-biphenyl (4j) 
(0.17 g, 35%). Pale yellow oil after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (10:1)); 1H NMR (400 MHz, 
acetone-d6) δ 9.0 (br s, 1H, OH), 8.11 (br s, 1H, OH), 7.15__7.37 
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(m, 4H), 6.37 (s, 1H), 2.37 (s, 3H), 2.31 (s, 3H), 2.01 (s, 3H). 13C NMR (100 MHz, 
acetone-d6) δ 154.6, 150.9, 141.6, 139.9, 139.1, 136.1, 129.2, 128.9, 128.6, 127.4, 112.1, 
107.6, 20.2, 17.24, 12.7; IR (cm−1) 3300, 3044, 2976, 1511, 1465, 1370, 1303, 1210, 
1134, 1088, 1008; HRMS [DART+] m/z: [M + H]+ Calcd for C15H16O2 229.1229, 
Found 229.1244. 
3,5-Dihydroxy-4’-methoxy-1,1’-biphenyl (4k) 
(0.41 g, 84%). White solid after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (1:1)); mp 146__149 °C; 
1H NMR (400 MHz, acetone-d6) δ 8.21 (s, 2H, OH ), 7.52 (d, J 
= 8.8 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 6.57 (d, J = 2 Hz, 2H), 6.32 (t, J = 2.2 Hz, 1H), 
3.82 (s, 3H). 13C NMR (100 MHz, acetone-d6) δ 159.4, 158.9, 142.6, 133.6, 127.7, 
114.1, 105.1, 101.1, 54.6; IR (cm−1) 3361, 2995, 2836, 1539, 1495, 1345, 1243, 1243, 
1153, 1000; HRMS [DART+] m/z: [M + H]+ Calcd for C13H13O3 217.0865, Found 
217.0863.  
1,3-Dihydroxy-5-isopropylbenzene (4l) 
(0.3 g, 70%). yellow oil after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (1:1)); 1H NMR (400 MHz, 
acetone-d6) δ 8.14 (s, 2H, OH), 6.23 (d, J = 2.4 Hz, 2H), 6.18 (t, J = 2.2 
Hz, 1H), 2.68-2.76 (m, 1H, CH), 1.16 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, 
acetone-d6) δ 158.3, 151.2, 104.9, 100.2, 33.9, 23.3; IR (cm−1) 3285, 2959, 2870, 1595, 
1456, 1336, 1298, 1146, 990; HRMS [DART+] m/z: [M + H]+ Calcd for C9H13O2 
153.0916, Found 153.0912. 
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4’-Methyl-2’,6’-dihydroxy-m-terphenyl (4m) 
(0.34 g, 69%). orange solid after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (1:1)); mp 117__120 °C; 1H 
NMR (400 MHz, acetone-d6) δ 7.82 (s, 1H, OH), 7.25__7.45 (m, 
10H), 6.50 (s, 1H), 6.25 (s, 1H, OH), 1.99 (s, 3H). 13C NMR (100 MHz, acetone-d6) δ 
154.1, 151.7, 137.8, 136.8, 134.4, 131.2, 130.9, 128.4, 127.9, 126.9, 126.6, 121.1, 114.2, 
109.9, 19.9; IR (cm−1) 3498, 3436, 3056, 1582, 1475, 1258, 1181, 1056; HRMS 
[DART+] m/z: [M + H]+ Calcd for C19H17O2 277.1229, Found 277.1243. 
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4. Synthesis of Resveratrol 
 
Resveratrol, is a naturally occurring polyphenolic non-flavonoid antioxidantwhich 
isolated from grape skin, vine bark, nuts, berries, and many other plants. This compound 
has various health benefits, including chemo preventive effects against cancer, 
inflammation, aging, obesity, cardiovascular diseases, and neurodegeneration. 
Antioxidative, antibacterial, and antifungal activities have also been attributed to this 
molecule.1,2 
Resveratrol is present only in small amounts in Vitis vinifera,3 and its quantity depends 
on the stress situation of the plant, as it occurs for all the other phytoalexins. For these 
reasons it cannot be obtained in large quantities by extractive procedures. 
The first synthesis of resveratrol with identification of the synthetic material by 
comparison with the natural product was reported in 1941 by Spӓth and Kromp.4 This 
synthesis was indeed based on a report of Takaoka5 who isolated resveratrol from roots 
of Veratrum grandifluorum. It described a synthesis of resveratrol dimethyl and 
trimethyl ether but the synthetic material could not be compared with the natural 
product derivatives because it never crystallized.  
4.1. Synthesis of resveratrol using Wittig reaction 
We started to synthesis the resveratrol with some modification to the methods reported 
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before based on our method of oxidation using Pd/C ethylene system and this is the 
most interesting step. We already synthesized resveratrol in 5 steps in total yield 62%. 
Firstly as we mentioned before 5-methyl-1,3-cyclohexanedione (1) underwent oxidative 
methylation with methanol in the presence of 5% Pd/C under (3 atm) to give 
3,5-dimethoxytoluene (2) followed by bromination with freshly crystallized 
N-bromosuccinimide  in acetonitrile affording 3,5-dimthoxybenzyl bromide (3) which 
undergo oxidation reaction with hexamethylenetetramine to give 3,5-dimethoxy 
benzaldehyde (4). Using Horner-Wadsworth-Emmons reaction the aldehyde (4) coupled 
with diethyl 4-methoxybenzylphosphonate (5) to give trimethyl resveratrol (6) in 95% 
yield followed by deprotection using AlCl3 and diisopropylamine to give resveratrol (7) 
in high yield 85%. 
 
Scheme 1. 
We modified the above method by reacting 3,5-dimethoxybenzyl bromide (3) with 
triethyl phosphite to give 3,5-dimethoxybenzylphosphonate (8) in excellent yield 
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followed by Horner-Wadsworth-Emmons reaction with 4-methoxybenzaldehyde 
affording trimethyl resveratrol (5) in 94% yield. 
 
Scheme 2. 
This synthetic route have some merits, firstly the bromination step to obtain benzyl 
bromide derivatives (3) was performed in CCl4 but this solvent is toxic so we used 
acetonitrile which considered nontoxic solvent, also the deprotection process we used 
combination of AlCl3/i-Pr2NH for conversion compound (6) to (7) in good yield and we 
did not use BBr3 which is corrosive agent. But this method have limited demerits 
specially the contamination with phosphorous  
 
4.2. Alternative route for synthesis of resveratrol 
To avoid the demerits arising from the contamination with phosphorous we established 
this method based on either oxidative methylation or direct oxidation of 
1,3-cyclohexanederivatives using Pd/C ethylene system. We started the reaction 
4-methoxycinnamaldehyde (9) with acetone in aqueous solution of 1% NaOH to give 
6-(4-methoxyphenyl)-3,5-hexadiene-2-one (10) in a good yield without no further 
purification followed by condensation cyclization reaction to afford 5-(4-methoxystyryl) 
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-1,3-cyclohexanedione (11) in moderate yield. Diketone (11) could underwent oxidative 
methylation with methanol and trimethylorthoformate to give trimethyl resveratrol (6) 
or direct oxidation to give 5-methoxy resveratrol (12), both reactions have been carried 
out under Pd/C ethylene system 
 
Scheme 3. 
4.3. Experimental part 
Bromination of 3,5-dimethoxytoluene (3) 
To solution of 3,5-dimethoxy toluene (0.76 g, 5.0 mmol) in acetonitrile (10 mL) freshly 
crystallized N-bromosuccinimide (0.93 g, 5.25 mmol) was added. The mixture was 
stirred for 1 h at 25 °C under argon atmosphere then after completing the reaction the 
mixture was quenched with saturated aqueous sodium thiosulfate solution (30 mL) then 
extracted by diethyl ether three times and washed was brine solution. The combined 
organic layer was dried over anhydrous sodium sulfate then filtered, then evaporated 
under vacuum to give a white solid of 3,5-dimethoxybenzyl bromide (3) which was 
used in next step without further purification (1.05 g, 91%).  
mp 70__73 °C; 1H NMR (400 MHz, CDCl3) 3.79 (s, 6H), 4.42 (s, 
2H), 6.39 (s, 1H), 6.53 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 
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160.9, 139.8, 107.0, 100.6, 55.4, 33.7; IR (cm−1) 3002, 2965, 2935, 2836, 1614, 1590, 
1474, 1455, 1429, 1325, 1205, 1153, 1115, 1068, 1056, 939, 864, 852, 821, 697, 645, 
600; HRMS [DART+]. m/z [M+H]+ Calcd for C9H11BrO2 231.0021, Found 230.9993. 
Oxidation of 3,5-dimethoxybenzyl bromide (4) 
To a mixture of 3,5-dimethoxybenzyl bromide (4.36 g, 18.9 mmol) and 
hexamethylenetetramine (2.65 g, 18.9 mmol), water (40 mL) was added. The reaction 
mixture was refluxed for 12 h at 120 °C under an argon atmosphere. After completion of 
the reaction the reaction mixture was quenched with 1 M aqueous solution of 
hydrochloric acid (10 mL) then extracted three times with ethyl acetate, from the 
combined organic layers were washed with a saturated aqueous solution of sodium 
chloride, and the organic layer was dried over anhydrous sodium sulfate. The organic 
solution was filtered then concentrated under vacuum to give a white solid of 
3,5-dimethoxy benzaldehyde (4),6 which was used in next step without purification 
(3.10 g, 99%). 
mp 47__50 °C (lit.7 48__49 °C); 1H NMR (400 MHz, CDCl3) δ 3.83 
(s, 6H), 6.70 (s, 1H), 7.05 (s, 2H), 9.92 (s, 1H). 13C NMR (100 
MHz, CDCl3) δ 191.9, 161.2, 138.4, 107.1, 55.6; IR (cm-1) 1693, 
1590, 1467, 1429, 1396, 1384, 1344, 1297, 1205, 1190, 1157, 1064, 1049, 949, 925, 872, 
821, 729, 683; HRMS [DART+] m/z: [M + H]+ Calcd for C9H11O3 167.0708, Found 
167.0734. 
Synthesis of diethyl 4-methoxybenzylphosphonate (5) 
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A mixture of 4-methoxybenzyl bromide (17.0 g, 85.0 mmol) and triethyl phosphite 
(16.3 mL, 93.0 mmol) was heated at 80 °C for 5 h under an argon atmosphere. After 
completion the reaction the reaction mixture was distilled under vacuum to give yellow 
oil of diethyl 4-methoxybenzylphosphonate (21.9 g, 100%). 
1H NMR (400 MHz, CDCl3) δ 1.24 (t, J = 7.0 Hz, 6H), 3.09 (d, J = 21.2 Hz, 2H), 3.79 
(s, 3H), 3.79__4.03 (m, 4H), 6.85 (d, J = 8.8 Hz, 2H), 7.21 (dd, J = 8.8, 2.4 Hz, 2H). 13C 
NMR (100 MHz, CDCl3) δ 158.5, 130.7, 129.3, 123.4, 113.9, 62.0, 55.1, 33.4, 32.0, 
16.3; IR (cm-1) 2978, 2905, 1609, 1511, 1460, 1436, 1299, 1245, 1178, 1163, 1097, 
1021, 956, 849, 782, 566; HRMS [DART+] m/z: [M + H]+ Calcd for C12H20O4P 
259.1099, Found 259.1122. 
Synthesis of trimethoxy resveratrol (6) from 3,5-dimethoxybenzaldehyde (4) 7 
Sodium hydride (0.65 g, 27.0 mmol) was added to a solution of 
diethyl-4-methoxybenzylphosphonate (4.65 g, 18.0 mmol) in anhydrous THF (13 mL) 
at 0 °C under argon atmosphere then the mixture stirred for 10 min. at room temperature. 
To this mixture was slowly added dropwise a solution of 3,5-dimethoxy benzaldehyde 
(2.99 g, 18.0 mmol) in anhydrous THF (30 mL) then continue stirring for 3 h at room 
temperature. After completion the reaction mixture was quenched with ice water (30 
mL) then extracted 3 times with ethyl acetate, then the combined organic layer was 
dried over anhydrous sodium sulfate, filtered then the organic solvent was evaporated to 
give white solid of trimethyl resveratrol (6) after isolation by silica-gel column 
chromatography (hexane:ethyl acetate (10:1)) (4.61 g, 95%). 
mp 54__57 °C (lit.7 54__55 °C), 1H NMR (400 MHz, CDCl3)  
δ 3.83 (s, 9H), 6.70 (t, J = 2.2 Hz, 1H), 6.65 (d, J = 2.4 Hz, 
2H), 6.89__6.93 (m, 3H), 7.04 (d, J = 16.4 Hz, 1H), 7.45 (d, 
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J = 8.8 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.0, 159.4, 139.7, 129.9, 128.7, 
127.8, 126.6, 114.2, 104.4, 99.6, 55.3; IR (cm-1) 1736, 1587, 1509, 1457, 1425, 1344, 
1325, 1314, 1300, 1277, 1246, 1207, 1192, 1175, 1150, 1110, 1063, 1029, 987, 953, 941, 
927, 857, 838, 829, 820, 771, 719, 681, 637, 596, 572; HRMS [DART+] m/z: [M + H]+ 
Calcd for C17H19O3 271.1334, Found 271.1316. The spectral data were identical with 
those previously reported.7 
Synthesis of diethyl 3,5-dimethoxybenzylphosphonate (8)7 
A mixture of 3,5-dimethoxybenzyl bromide (5.0 g, 21.0 mmol), triethyl phosphite (3.8 g, 
23.0 mmol) was refluxed at 80 °C for 12 h under an argon atmosphere. After completion 
the reaction the reaction mixture was distilled under vacuum to give yellow oil of 
diethyl 3,5-dimethoxybenzylphosphonate (8) (6.05 g, 100%). 
1H NMR (400 MHz, CDCl3) δ 1.26 (t, J = 7.0 Hz, 6H), 3.09 (d, 
J = 21.6 Hz, 2H), 3.78 (s, 6H), 4.01__4.05 (m, 4H), 6.36 (s, 1H), 
6.46 (dd, J = 2.4, 2.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 
160.8, 133.7, 107.9, 99.18, 62.3, 62.2, 55.4, 34.7, 33.9, 16.5; IR (cm-1) 2981, 2838, 
1593, 1517, 1461, 1429, 1389, 1346, 1324, 1297, 1246, 1204, 1149, 1097, 1047, 1021, 
952, 844, 780, 731, 692, 611, 578; HRMS [DART+] m/z: [M + H]+ Calcd for C13H22O5P 
289.1205, Found 289.1220. 
Synthesis of trimethoxy resveratrol (6) from diethyl-3,5-dimethoxybenzylphosphonate 
Sodium hydride (0.65 g, 27.0 mmol) was added to a solution of 
diethyl-3,5-dimethoxybenzylphosphonate (5.18 g, 18.0 mmol) in anhydrous THF (13 
mL) at 0 °C under argon atmosphere then the mixture stirred for 10 min. at room 
temperature. To this mixture was slowly added dropwise a solution of 4-methoxy 
benzaldehyde (2.45 g, 18.0 mmol) in anhydrous THF (30 mL) then continue stirring for 
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3 h at room temperature. After completion the reaction mixture was quenched with ice 
water (30 mL) then extracted 3 times with ethyl acetate, then the combined organic 
layer was dried over anhydrous sodium sulfate, filtered then the organic solvent was 
evaporated to give white solid of trimethyl resveratrol (6) after isolation from silica-gel 
column chromatography (hexane:ethyl acetate (10:1)) (4.57 g, 94%). 
Synthesis of resveratrol (7)7 
In two necked flask diisoropyl amine (4.65 g, 46.0 mmol) was added to aluminum 
chloride (6.13 g, 46.0 mmol) at room temperature then stirred vigorously at 110 °C for 
30 min under argon atmosphere then a solution of trimethoxy resveratrol (2.07 g, 7.66 
mmol) in toluene was added dropwise at 110 °C. The reaction mixture was stirred 
vigorously at 110 °C for 4 h. After completion the reaction it was allowed to cool to 
80 °C then quenched with chilled water (10 mL) and stirred at 45 °C for 30 min. The 
precipitated residue was filtered and washed with water. The wet residue was stirred 
with 4.5 M aqueous sodium hydroxide (5 mL) for 30 min then washed with toluene and 
the aqueous layer was adjusted to pH 2 by adding 1 M hydrochloric acid (25 mL) and 
extracted with toluene and dried over anhydrous sodium sulfate then filtered and 
concentrated to give a white solid of resveratrol (7) after recrystallization from i-PrOH 
(1.48 g, 85%). 
mp 253―255 °C (lit.7 251―252 °C); 1H NMR (400 MHz, 
acetone-d6) δ 6.26 (t, J = 2.2 Hz, 1H), 6.54 (d, J = 2.4 Hz, 2H), 
6.84 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 16.4 Hz, 1H) 7.02 (d, J = 
16.4 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H). 13C NMR (100 MHz, 
CD3OD) δ 159.5, 158.2, 141.2, 130.3, 129.3, 128.7, 126.9, 116.4, 105.7, 102.5; IR 
(cm-1) 3203, 1604, 1583, 1511, 1461, 1441, 1381, 1323, 1264, 1247, 1215, 1174, 1145, 
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1105, 1009, 986, 964, 829, 804, 674, 623, 602; HRMS [DART+] m/z: [M + H]+ Calcd 
for C14H13O3 229.0865, Found 229.0893. 
Synthesis of 6-(4-methoxyphenyl)-3,5-hexadiene-2-one (10) 
4-Methoxycinnamaldehyde (5 g, 30.8 mmol) was suspended in a mixture of 
acetone/water (5 mL/5 mL). A 1% aqueous solution of sodium hydroxide (10 mL) was 
added slowly to the reaction mixture. The reaction mixture was heated to 65 oC for 4 h. 
The reaction mixture was cooled to ambient temperature. Water (20 mL) and 
chloroform (20 mL) were added. The organic phase was separated, washed with brine 
and dried over magnesium sulphate and the solution was filtered and the solvent 
removed in vacuo.  
(6.08 g, 82%). Yellow solid; mp 107__109 °C; 1H NMR (400 
MHz, CDCl3) δ 7.27__7.30 (d, J = 8.8 Hz, 2H), 7.11__7.19 (m, 
1H), 6.74__6.80 (m, 3H), 6.59__6.66 (m, 1H), 6.06__610 (d, J = 15.6 Hz, 1H), 3.69 (s, 
3H), 2.17 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 197.3, 159.8, 142.9, 142.1, 140.1, 
128.3, 127.7, 123.4, 113.2, 54.3, 26.2; IR (cm−1) 2998, 2933, 1591, 1574, 1415, 1335, 
1151, 1064, 830; HRMS [DART+] m/z: [M + H]+ Calcd for C13H15O2 203.1072, Found 
203.1060. 
Synthesis of 5-(4-methoxystyryl)-1,3-cyclohexanedione (11) 
To a stirred solution of freshly prepared sodium ethoxide (0.4 g, 14.8 mmol) under 
argon was added diethylmalonate (2.4 g, 14.8 mmol). The reaction mixture was stirred 
under ambient temperature for 20 min. 6-(4-methoxyphenyl)-3,5-hexadiene-2-one (3 g, 
14.8 mmol) was dissolved in ethanol (30 mL) and added dropwise to the reaction 
mixture then refluxed with constant stirring for 12 h. An aqueous solution of sodium 
hydroxide (2 M) was added and the reaction mixture was refluxed for 2 h. Excess of 
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ethanol was removed by evaporation then quenched with aqueous solution of 
hydrochloric acid (5 M) and refluxed for 6 h then left to cool to ambient temperature, 
extracted with ethyl acetate, dried with magnesium sulfate. The solvent was removed 
and the title compound was purified by recrystallization. 
(2.89 g, 80%). Buff solid after recrystallization from a 
mixture of hexane:ethyl acetate (5:1); mp 182__185 °C; 1H 
NMR (400 MHz, CD3OD) δ 7.27__7.31 (d, J = 8.4 Hz, 2H), 
6.80__6.85 (d, J = 8.8 Hz, 2H), 6.39__6.45 (d, J = 15.6 Hz, 1H), 
6.04__6.13 (dd, J = 7.2 Hz, 7.2 Hz, 1H), 5.35 (s, 1H, enol), 3.76 (s, 3H), 2.86__2.98 (m, 
1H), 2.44__2.55 (m, 3H), 2.34__2.43 (m, 2H); IR (cm−1) 2995, 2954, 2835, 2360, 2338, 
1887, 1506, 1370, 1275, 1215, 1182, 1119, 962, 842, 762; HRMS [DART+] m/z: [M + 
H]+ Calcd for C15H17O3 245.1178, Found 245.1165. 
Synthesis of 4-Methoxyresveratrol (12)8 
To a mixture of 5-(4-methoxystyryl)-1,3-cyclohexanedione (0.5 g, 2.1 mmol) and 5% 
Pd/C (15 mol%) in acetonitrile (20 mL). The reaction mixture was capped in autoclave 
under 3 atm pressure of ethylene gas. The reaction mixture was heated to 130 °C for 48 
h. The reaction mixture was cooled to ambient temperature then filtered through celite, 
the solvent was removed in vacuo.  
(0.41 g, 81%). white solid after by silica-gel column 
chromatography (hexane:ethyl acetate 1:1); mp 158__163 °C 
(lit.8 158__160 °C); 1H NMR (400 MHz, acetone-d6) δ 8.2 (s, 
2H), 7.51 (d, J = 8.8 Hz, 2H), 7.07 (d, J = 16.8 Hz, 1H), 
6.90__6.97 (m, 3H), 6.58 (d, J = 2 Hz, 2H), 6.3 (t, J = 2 Hz, 1H), 3.8 (s, 3H). 13C NMR 
(100 MHz, acetone-d6) δ 161.2, 160.4, 141.6, 131.8, 129.6, 129.4, 128.3, 115.7, 106.6, 
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103.6, 56.4; IR (cm−1) 2998, 2933, 1591, 1574, 1415, 1335, 1151, 1064, 830; HRMS 
[DART+] m/z: [M + H]+ Calcd for C15H15O3 243.1021, Found 243.1007. The spectral 
data were identical with those previously reported.8 
 
Synthesis of 3,4’,5-Trimethoxy resveratrol (6) 8 
To a mixture of 5-(4-methoxystyryl)-1,3-cyclohexanedione (0.5 g, 2.1 mmol) and 5% 
Pd/C (15 mol%) methanol (9.8 mL, 245 mmol) was added followed by trimethyl 
orthoformate (0.9 g, 8.2 mmol). The reaction mixture was capped in autoclave under 3 
atm pressure of ethylene gas. The reaction mixture was heated to 130 °C for 48 h. The 
reaction mixture was cooled to ambient temperature then filtered through celite, the 
solvent was removed in vacuo, and gave white solid after by silica-gel column 
chromatography (hexane:ethyl acetate (1:1)). (0.45 g, 83%) 
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NMR spectra of chapter 3 
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Summary 
Resorcinol is so essential in the chemical industry and there are many 
resorcinol derivatives have broad biological activities. So in our work we focused to 
synthesis the phenols specially resorcinol and their ether derivatives by new method 
which are not harmful to the environment. 
Our method based on non-aerobic oxidation of cyclic ketone derivatives using Pd/C 
ethylene system specially there are not so many report discussed this synthetic route, so 
we started to synthesis alkyl aryl ether of phenols by reaction of cyclohexanones with 
1-hexanol, cyclohexanol and other alcohol in the presence of 5% Pd/C under (1 atm) of 
ethylene gas in schlenk tube and we obtained hexyl aryl ether in a good yield and 
ethylene gas as coproduct which not harmful to environment, so according to the 
proposed mechanism the ethylene as hydrogen acceptor to accelerate the reaction rate 
beside this there is other merits to this method that the palladium metal could be 
recycled. All the synthesized alkyl aryl ether could be converted to the corresponding 
phenols by reaction with borontribromide. 
We applied this method to synthesis alkyl ethers of resorcinol so we start the reaction of 
5-methyl-1,3-cyclohexanedione with different alcohol with 5% Pd/C at 130 oC under 
ethylene gas either (1 atm) or (3 atm) we obtained more higher yield with the high 
pressure of ethylene. When we examined another diketone derivatives such as 
5-phenyl-1,3-cyclohexanedione we obtained mixture of resorcinol, dimethoxy 
resorcinol derivatives and monomethoxy resorcinol derivatives as major product. We 
succeeded to overcome this problem by adding trimethylorthoformate to this reaction 
affording high yield of dimethoxy resorcinol derivatives. Also to confirm our method 
we checked new synthesized multi substituted 1,3-cyclohexanediones and we obtained 
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dialkyl aryl ethers in a good yield. 
We succeeded in the direct oxidation of diketone to resorcinol derivatives in one step by 
oxidation of multi substituted 1,3-cyclohexanediones with 5%Pd/C and catalytic 
amount of potassium carbonate under 3 atm of ethylene gas in acetonitrile affording 
resorcinol derivatives. 
On the bases of our method we could synthesis resveratrol by two synthetic route first 
on depends on the methylation oxidation of 5-methyl-1,3-cyclohexanedione using Pd/C 
ethylene system followed by bromination, oxidation then coupling with diethyl 
4-methoxybenzylphosphonate to afford trimethoxy resveratrol followed by deprotection 
reaction to give resveratrol. The other route aims to overcome the problem of the 
contamination with phosphorous so we synthesized 5-styryl-1,3-cyclohexanedione 
derivatives followed by methylation oxidation or direct oxidation based on Pd/C 
ethylene system to give trimethoxy resveratrol or mono methoxy resveratrol. 
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